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Die & Mould Stee! 





Chromium, Vanadium Chromium/Molybdenum Nickel Chromium 
Tungsten) Molybdenum Vanadium Molybdenum 
Hot Working & Forging Aluminium Extrusion & Backing Die & Hot 

Die Steel Pressure Die Casting Stee! Working Steel 


Walter Somers Limited 


HAYWOOD FORGE HALES OWEN NR BIRMINGHAM Telept 
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INDUCTION HEATING... helping me? 


Closely 


ed Yes indeed—civil engineering and road 
development schemes are vital fields benefiting from Induction 
Heating Equipment produced by Garringtons Limited 


con li 
surface hardne 







Closely comtrol 
led hardness at 
specified depth Over a million track links for leading manufacturers of crawler 
tractors are produced annually by Garringtons 

and hardened by Induction Heating Equipment designed 

ind produced by this company 


If you are interested in the heat treatment or hot working of metals 
in any form, Garringtons’ specialised services can help you 
Advantages include :— 
Quality--Improved as a result of automatic control 
which ensures consistent heating to specification 
Operating time -Reduced through high heating rate 
Turnover Increased through improved production, and 


space saved for greater capacity 
A tractor track link sectioned Labour Better working conditions through automation 
to show wearing surfaces hardened 
by Garringtons’ Induction Heating Anti-pollution Air contamination greatly reduced 


See our exhibit on Stand No. |, Row L, Ground Floor, 


e National Hall at the Engineering, Marine, 
lored Welding and Nuclear Energy Exhibition, 20th April 4th 
May, Olympia, London, or write for descriptive 


literature to address below: 


INDUCTION HEATING DIVISION 
GARRINGTONS LTD., BROMSGROVE, WORCS., ENGLAND 


Teleph Bromsgrove 2621 (10 lines Telegrams: Gervington Phone Bromsgrove 
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Limiteo) 
for TEMPERATURE MEASUREMENT & CONTRO! 








STORDY 


PROPORTIONING os ie See - eo ae ie ae 








STORDY ENGINEERING LIMITED 


CUMBRIA HOUSE GOLOTHORN HILL WOLVERHAMPTON 
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Cut your Forging Costs by installinga... 


BRITISH-MADE 
CHAMBERSBURG CECO-DROP HAMMER 





Sole Agents :— 


ALFRED  z 
| enna 
H E. R B = R £TO., COVENTRY ~ FACTORED DIVISION, RED LANE WORKS 


An air or steam lift, gravity drop 
hammer setting new standards for 
quality and production. 


* Automatic operation with variable 
stroke control. 


* Greater and cheaper production 
per hour. 


* More economical, safer and easier 
to operate. 


* Improved accuracy of die match. 


The Chambersburg Ceco-Drop is an improved-type 
Drop Hammer providing more blows per minute 
and closer tolerances in the forgings. 


Maintenance costs are reduced due to fewer and 
more durable working parts. 


The size available for early delivery is the 3,000 Ibs 
and full details of specifications are contained in a 
comprehensive catalogue which will be sent on 
request. 


AD.27! 





Al 
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HOMOCARB ELECTRIC 
GAS CARBURISING 


A 


ROLLS-ROYCE 


e are indebted to the Rolls-Royce Company for the above photograph 

of the Homocarb Electric Gas Carburising Furnaces at their Derby Works. 
Originally one single furnace was purchased, the present extensive installation 
having been built up following their earlier experience. 
All over the world the name Rolls-Royce has become the synonym for 
perfection in engineering production and their choice of Homocarb Furnaces 
provides convincing evidence of 

PROVED EFFICIENCY 

Rolls-Royce, Austin, British Timken, B.S.A., Caterpillar Tractor, Humber, International 


Harvester, Singer, Sperry Gyroscope, Vauxhall, Morris, Jaguar, Villiers, Hoffman, 
Leyland, Rotol, Vandervell, etc. etc. are among hundreds of users of Homocarb. 


Send now for descriptive literature or h 1/ Representative will visit you at your convenience 


LEEDS & NORTHRUP LTD. 


183 BROAD STREET, BIRMINGHAM, 15 
Telephone: MIDLAND 1453/4 ‘Grams: FLOMETER, BIRMINGHAM 





British made in Birmingham 
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PROPAGAS....... 












PROPAGAS provides industry not only witha 
high calorific value fuel gas Coqpesremetesy 
500 b.t.u. cubic foot) but also with an 
excellent medium for the production of 
special furnace atmospheres. It is widely 
used for gas carburizing, carbonitriding and 
bright annealing of ferrous and non-ferrous 
metals. 
BOTTOGAS Butane, like Propagas, is a petro- 
leum gas delivered and stored as a liquid 
under moderate pressure. Bottogas is used 
as a fuel for fork lift trucks and for many 
other specialised applications. 
PROPAGAS Propane and BOTTOGAS Butane come 
from the great British refineries of the 
Shell and BP Groups, backed by a technical 


“ = - — _S —= ay aA —w 
These illustrations, by courtesy of Ford 
Motor Co. Ltd, show two of many continuous 








gas carburizing furnaces installed at their service second to none and with a complete 
Dagenham factory, using endothermic sales organisation covering the United 
atmospheres produced from PROPAGAS. Kingdom. 





Shell-Mex and B.P. Gases Limited 
Snel Gases [BP] (Regd users of trade marks) 
Svs Cecil Chambers 76-86 Strand London WC2 Telephone: TEMple Bar 1234 


A2 
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Cut very 





short pieces 
to accurate limits with the 


LAMBERTON 


AUTOMATIC 
BILLET SHEAR 





Write for further details to: 


EUMUCO (ENGLAND) LTD 


26 Fitzroy Square 
London W.1 


Telephone: EUSton 4651 
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80-ton direct arc melting installation 1$0-ton capacity bogie hearth furnac 


HEAVY uWTY FLECTRI FURNACES 
SERVING WOUSTRY EVERYWHERE 


Continuous hardening and tempering of forgings Continuous normalizing of forgings 


METALECTRIC FURNACES LTD. 


SMETHWICK - ENGLAND 
FOR ALL FORMS OF ELECTRIC HEAT TREATMENT EQUIPMENT 


Roller hearth bright annealing Continuous blackheart and pearlitic malleablizing 
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The New 


EUMAUCO 


LEVERKUSEN —GERMANY 


PREGISION HAMMER 


is ashort stroke downward pressure hammer 
with oil- hydraulic rocker drive. 

it was developed for mass production of 
precision forged components and is a 
natural addition to the Eumuco range of 
chain hammers of smaller size up to 
approx. 10 tons. 

The experience gained in double shift 
operation over a period of more than a 
year has proved that the aim in design- 
ing this hammer has been realized 


of 
MONOBLOC 
design 


ELECTRIC INDIVIDUAL DRIVE no compres- 
sed air. 

OILHYDRAULIC ROCKER DRIVE WITH 
DOWNWARD PRESSURE EFFECT, high 
efficiency (approx. 75%) without additional 
cooling vy water or oil. Operating medium: non- 
inflammable hydraulic fluid or hydraulic oil 
Highly durable, unbreakable SHORT, BEND- 
RESISTING PISTON ROD. 

ACCURATE, WEAR-RESISTING TUP GUIDE 
in the form of hardened and ground adjustable 
guide faces of great width and length. 

LARGE CLAMPING AREAS for protecting the 
tup and anvil block insert, suitable also for 
taking die holders 

MONOBLOC DESIGN of the hammer super- 
structure, anvil block, column and upper cross 
piece form a single compact rigid steel casting, 
without any faces subject to wear or connect- 
ing pieces, but an anvil block with a large 
machined bearing face. 

SIMPLE OPERATION by electric pedal switch 
control and universal programme control. 


WICKMAN &%*: LIMITED 


FACTORED MACHINE TOOL DIVISION, BANNER LANE, COVENTRY 





Telephone : Tile Hill 65231 
5S7 F30 
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DROP AAMMER SOARS 


OC 





SIZES IN STOCK TO SUIT ALL HAMMERS 


H.BURBIDGE © SON LTD 


Repetition Wood Turners and Machinists 


BURNSALL ROAD: CANLEY 


y COVENTRY 
10 PHONE 72361-2 
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pecial Alloy Steels 


for 
Dies 





The value of the finished 
dies being cut for use 
on this machine may be gauged 
from the fact that the Firth Brown 
eR § nickel-chrome-molybdenum steel 
[pe die-blocks have an unmachined 
weight of 43 tons. 








Firth Brown die-blocks 





forged from special alloy steels 
“1 ) 
” range in size from a few 
ae 





pounds weight for small dies 
for plastics to the 











really large dies shown here. 





by courtesy of = 
High Duty Alloys Limited, Slough, Bucks. 





BROWN 


STEEL FOUNDERS 
FIRTH & JOHN BROWN LIMITED 


FIRTH. 


ALLOY STEELMAKERS 


THOS. 


FPORGEMASTERS HEAVY ENGINEERS 


SHEFFIELD - ENGLAND 
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from transformers 





to bellows 
the relief of stresses demands 
_EFCO 


BELL TYPE FURNACES 











When you need to heat treat ferrous 
or non-ferrous metals, in strip or wire 
or fabricated form, in rectangular 
or cylindrical furnaces, in controlled 
atmosphere or in vacuum —— choose 
an Efco Bell 


SEST OF THE WORLD'S 
FURNACE DESIGNS 


EFCO FURNACES LIMITED 


man) a toss . QUEENS ROAD, WEYBRIDGE. SURREY Weybridge MP! 


Aone ered = Emmaus Chomne: Engemrimg oo let 
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An 1859 achievement 











Casting a 75in 
diameter Bell for 
San Francisco in 


and still co 


leading in 196I 


With a background of over 100 years in steel 
foundry practice, English Stee! Castings Corporation 
Lid.. produces a wider variety of steel castings 
than any other stee! foundry in the world (from a 
few pounds to 185 tons individual weight) and 


operates the most comprehensive plant in Burope 





Pouring 142 ton Steet Casting using 


three ladles simultaneously in 1959 


ENGLISH STEEL CASTINGS CORPORATION LTD 
River Don Works, Sheffield 


A WHOLLY-OWNED SUBSIDIARY OF ENGLISH STEEL CORPORATION LTD 
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Do you really 
think I need 


bother about 


low 
residuals ? 








in carbor te required tor certain 
high duty applicat 
Residual element W orkington Electri 
Arc Furna | 
adie x, 
~ 
Wael a ai ich wel. oo 
1RON AND STEEL COMPANY Workington + Cumberland o 


w yr 
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Are you 
concerned with 
annealing scale 

rust removal 
or corrosion 


prevention? 


april, 1961 


If you are involved in all or any of these 
processes then it may well be worth your 
while to get in touch with E. & A. West Lid. 

In all probability they may be able to 

solve some of your problems in these fields or 
suggest more economical or efficient methods. 
Their Technical Advisory Service is at the 
disposal of Industry and will be glad to get to 
grips with your particular problem. 

The answer may even be in their impressive 


library of “case histories”. 
Please do not hesitate to call them in. 
This service is freely given and non-obligatory. 





18/8 Stainiess Stee! sur- 
face after two hours in 
Ferric Sulphate Hydro- 
fluoric Acid bath. Over 
pickling has had no effect 
on the metal surface 


18/8 Stainiess Stee! sur - 
face after two hours in 
Nitric Hydrofluoric Acid 
bath. Over pickling has 
resulted in etched crystal- 
line surtace. 


For technical advice or product 
data you are invited to write to:- 


E. & A. WEST Limited, 


Parcel Terrace, 


DERBY. 
Telephone: Derby 45008. 


WE Se 


CHEMICALS FOR INDUSTRY 





Patches of red scale left 
on brass after pickling in 


Bright.even surface on the 
same brass after pickling 
in5% Sulphuric Acid with 
added Ferric Sulphate. 


7% Sulphuric Acid 





Ferric Sulphate. As a pickling agent results 
in rapid, clean and fume-free method of 
descaling stainless steel, copper, brass and 
nickel silver and an improved method of 
etching mild steel surfaces prior to coating. 
Non-fuming, non-toxic, safely handled. 
Westolite Rust Remover. This is supplied 
in two forms: liquid and thixotropic. The 
former is recommended for dipping batches 
of ferrous metal goods. It is a particularly 
efficient phosphating material which combines 
effectively with the surface metal to 

produce a protective non-rusting layer. 
Thixotropic Westolite has been developed 

for use on industrial plant, structural 
steelwork, and in situations where immersion 
is precluded. In the form of a gel, 

Thixotropic Westolite becomes temporarily 
free-flowing when applied with a brush but 
after application resumes its paste-like 
consistency. Advantages include, adherence to 
vertical surfaces, no drips and no wastage. 
Also manutactured is a range of Industrial 
chemicals including Dipping Acid, Nitric Acid 
and Hydrofluoric Acid. 


1961 


ds. 


fo 


ry. 
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Refractory 
Concretes 





n ow avai labl le 
up to 1800°C 


The advantages are:— 


FLEXIBILITY OF DESIGN 
MONOLITHIC CONSTRUCTION 


LOW INSTALLATION COST 
AVOIDANCE OF DELAY 


CIMENT re a 
up to 1350°C Jounin acentcates up to 1800°C 


WRITE FOR BOOKLETS ‘SECAR 250’ AND ‘REFRACTORY CONCRETE’ 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED 
73 BROOK STREET, LONDON, W.1. TELEPHONE: MAYFAIR 8546 94 



































} 
| 
| 


weld 

















‘TRANSITROL 


Patents 617053 & 819536 


Temperature Controllers 





from C39. 10, 


DELIVERED 







.. -have already 
proved their 
reliability and 
durability to 
thousands 

of firms in 

all industries! 





Comprehensive information from: ETHER LTD. 
Tyburn Road, Erdington, Birmingham 24 
Caxton Way, Stevenage, Herts 


East 0276-8 
Stevenage 2110-7 
Representatives t g e . 


ountries. 








TYPE 990: 


Two-position on/off, 


Operating: 
Solenoid valves. 
Motorised valves. 
Contactors. Relays. 


Electric heaters. 


Applications: 
Salt-baths for heat-treat- 
ment of metals 
Vitreous-ename lng 
furnaces 

Muffie furnaces, 

Hot-arr ovens. 

Drying kiins 

Crucidle furnaces, 
High-temperature 


alerms 
Extruding and moulding 
mach ines, et etc, 





TYPE 91; 


Anticipatory 


Operating: 
Solenoid valves. 
Motorised valves. 
Contactors. Relays. 
Electric Heaters. 


Applications: 





Extruding machines and 


moulding presses 


plastics, rubber, etc. 


Die-casting machines, 





Furnaces for crystal 
growing. 
Chemica! processing. 





Food packaging 
machinery, etc., etc 


for 





TYPE 992: 
Proportioning 


(stepless) 


Operating: 
Saturable reactors. 


Applications: 
Electrically-heated 
equipment req 
extremely accurate te 
perat s, ¢8- plas 





extruders for 
quality production 
Electric furnaces 
ployed on research, 
Electronic di 


etc., etc. 


product 


em- 





n, 





TYPE 993 
Three-position 
(employing any combina 
tion of the preceding 


control 





TYPE 995 
Continuously-acting 


TYPE 994: 
Time-Temperature 
(employing any one o 
the preceding contro! 


systems). 
Operating 
Solenoid valves 
Motorised vaives 


Proportional 


a {with manua! reset) systems). 
Contactors elays. 
: raed nape ae rs Operating: Operating: 


Solenoid valves. 
Motorised valves. 
Motorised proportion 


Applications Motorised proportioning 
For 


dependent con valves. 


valves 
Applications: Contactors. Relays. 
Electr .c heaters 


Gas-fired or oil-fired 


motten-metal vats, 


Saturable reactors. 














Continuously-fed 


furnaces. 
Lehrs. 


Orying ovens and kilns, 


etc., etc. 





Applications: 

For controlling the 
and fall of temperat 
over a given period 
time in:— 

Pottery kilns 

Food processing. 
Heat-treatmentofme 
tass, plastics. 
Reconreh etc., etc 
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LTD. 
211 : : 
— teverse image attachment copy mills both 


— left- and right-hand die halves at the same time 
" : AUTOMATIC from the same model. Copying is accurate 
to within .002", fully automatic and needs no 


HYDROCOPYING supervision. 360° profiles can be produced 


without using a rotating table and feed 
DIE SINKING is constant—and on vertical contours up to 90°. 
Li . . 
Light feeler pressure permits the use of 


MACHINE KA 200 wooden or plaster models. 


Standard table sizes up to 924" x 254". 
One, two, four or six spindles. 





994: 
emperature 


ying any one of A two-spindlie machine with reverse image 
—— attachment is available for immediate delivery 


ting: SOLE U.K. DISTRIBUTORS 
d valves. 
ed valves. 
ed proportioniy 











cutee Write for 
a" technical DOWDING & DOLL LTD 
ations: brochure 346 KENSINGTON HIGH STREET, LONDON, W.14 


‘trolling the rise 


teenporn’) MT/IT72 


kilns. 


Tel: WESTERN 68077 (8 tines) Telex: 23182 Grom! ACCURATOOL LONDON TELEX 





ocessing. 
tatment of metals, 
astics. 

h, etc., ete. 
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AUTOMATIC UPSETTING! 


Let National Tong-Feed Forging Machines 
Produce Your Forgings at Lower Cost 


Hot Forging is going automatic! 
Well, not all of it, but many forward- 
looking forge plants are taking a fresh look. 
For example, all of the upset-type forg- 
ings above were made on National Auto- 
matic Tong-Feed Forging Machines 
Seven sizes are now meg and prese ntly 
operating in production: 1”, 14”, 2”, 3”, 
4”, 6” and 74%”. 





The method offers extremely interesting 
opportunities of raising production while 
reducing labor and operating costs. May 
we help you investigate? 

Let’s start by looking over your jobs, in 
your plant, in Tiffin or in Nurnberg 
We can have a productive session de- 
voted entirely to your plans, but with- 


out obligation. Nationa! 4” Automatic Tong-Feed Forg 
ing Machine with dischorge conveyor 
gees 
oe 
ATIONAL MACHINERY OF % 
TIFFIN. OHIO. U.S te 


JGKAYSER 


@tCursesseaee 





@ 
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Availability plus? 


Incandescent lift-off furnaces work at full stretch a// the time. No wasted 
downtime while waiting for a charge to be loaded or unloaded: no sooner 
is the heating cycle complete than the heated furnace is transferred to the next base, 
which is already loaded. Meanwhile the first charge cools —- under atmosphere if 
required — and is unloaded by the crane. Every heating cycle can be tailored exactly to meet 
the most stringent requirements, with full control over heating rates. 

Incandescent lift-off furnaces are in use the world over, for ferrous and non-ferrous 

wire, rod, sheet and strip, and for the heat treatment of castings. 





/. SUM OZ ULDYIR IGT EVIL J) FOR ALL HEAT [REATMENT PLANT 


THE INCANDESCENT HEAT CEC. ETD ° SMETHWICK * ENGLAND 
2/1086 
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GWBH 
FOR ALL TYPES OF FURNACE AND HEAT TREATMENT PLANT 





ii-_ — 
Tae 
Zz =, $= 


eee ee 


» 5 et 





Batch Type Furnace installed, with slow cooling chamber at right, at Northern Aluminium Co. Ltd. for annealing 
aluminium slabs prior to cold rolling 


AIR CIRCULATING OVENS * BATCH FURNACES 

BELL TYPE FURNACES * BOGIE HEARTH FURNACES 

CHAIN AND SLAT TYPE FURNACES 

CORE TYPE INDUCTION FURNACES 

CORELESS TYPE INDUCTION FURNACES 

DIRECT ARC FURNACES * MESH BELT TYPE FURNACES 

PIT TYPE FURNACES * PUSHER TYPE FURNACES 

ROLLER HEARTH FURNACES * ROTARY HEARTH FURNACES 
SUBMERGED ARC FURNACES * VERTICAL CONVEYOR FURNACES 
WALKING BEAM FURNACES 

WIRE AND STRIP PULL THROUGH FURNACES 

PROTECTIVE ATMOSPHERE GENERATORS AND DRIERS 


(GWIB) G.W.B. FURNACES LTD 
“EE 


P.O. Box 4 - Dibdale Works - Dudley - Worcs - Tel: Dudley 55455 
Associated with Gibbons Bros. Lid. and Wild-Barfield Electric Furnaces Lid 


7wB 254 
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A link with accuracy and finish 









CR eS 


ing 


Each link in these conveyors is a precision job—perfect in every detail, shell-moulded 
in heat-resisting steel. The smallest components can be carried safely 
and smoothly through any furnace. Another outstanding 
achievement by Thompson L’Hospied whose close association with the 
Furnace industry offers unique facilities for research and testing under actual conditions. 


queens & 


Thompson L,"Hospied 


” 
Ny 
‘s, 
? 
‘hes 


% » 
“Sisrim © 


A Member of the incandescent Group 


7 THOMPSON L’HOSPIED & CO. LTD., STOURBRIDGE, ENGLAND 
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POWAFORGE 
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PEDDINGHAUS F 
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PAUL GRANBY & CO.LTD. 


39 VICTORIA STREET-WESTMINSTER-LONDON-SW I 


POWAFORGE SOWEST. LONDON Cabies 


LONDON 
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LARGE 
G.E.C. 
FURNACES 


rely on the experience of 





aikel m= 
and 


more 


STEIN 73 


IN PRODUCTION | 


742 44% 
t Sie wt 2 


in « 
* Se 3 3y! . : . 
Ys bys aN. 


-+- to meet an ever-increasing 
demand because... 


STEIN 73 offers a proved, exceptional 
service in positions incurring heavy abrasion 
and slag attack. 

APPLICATIONS: Hearths of Reheating Furnaces 
Continuous Slab Furnace Hearths e Soaking Pits 
(Hearth, lower side walls and ingot Head Level) e Blast 
Furnace Tap Holes e Boilers (Clinker Line). 


You are invited to consult our long experience on all 
refractor\ problems. Write, telephone or visit 


JOHN G. STEIN & CO. LTD., Bonnybridge, Scotland. 


‘iaiieaiin iat Pa, 
-~ * . “4 
. > 


APPROXIMATE TECHNICAL DATA 


Alumina ian” Waar ak ties oe 
Refractoriness —Seger Cone — 38 — 1850 C 
Refractoriness under load 
28 Ib. Jin.2(2kg.Jcm.2)—5°, deformation at 1660 C 
After Contraction -2 hrs. at:— 
1600 C ; -0.40 
Apparent Pc ty a a . i oe 
Cold Crushi..; | crength 

13,000 Ib.Jin.2 (914 kg.fcm.2) 


Tel: BANKNOCK 255 (4 lines) 361 & 362 


TE SS nb cc 








Advanced techniques 


and reliable service 


have established for 


Smethwick Drop Forgings 


a fine reputation 


SMETHWICK DROP FORGINGS LTD -SMETHWICK & KIDDERMINSTER 
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is your pet a hardened type? 
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Do vou hate to see vour pet product as a horrid, scaly object, with 
voft spots and a distorted shape’ Then you should thin iou 


of preventive treatment by Birlec furnace equipment 


This prescribes anv one of many kinds of hardenine and tempering 


furnaces to condition your product perfectly —whethe: 
j / 


hooks by the million or space rockets for the millenniu 


There are box, pit, elevator, pusher, roller, belt, shaker and some 
other rather special types of Birlec hardening furnaces, electrically 
heated or gas fired, with strictly non-scaling and non-decarburising 
atmosphere-contro!l equipment and =e alternative quenching 


urrangements 


{sA vour pet typist to write to us for more informatiar 





AEI-Birlec Limited 


Tyburn Road, Erdington, Birmingham 24 


Telephone: East 1544 Telex No: 33477 


LONDON . SHEFFIELD NEWCASTLE-ON-TYNE GLASGOW - CARDIFF 


$m 86/9! 
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CONTENTS 


This journal ts devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 


‘A sheltered industry ’” 
Russian forging journal 


Ferrite grain boundaries in iron and low-carbon steels 
IVAN HRIVNAK 

Czechoslovakian work on iron and low-carbon steels has shown that 
the effect of stepped etching of multi-step grain boundaries is an 
objective reality having its origin in the crystallographic state of the area 


Performance of forging presses H. STERN, B.SC.(ENG.), 
A.M.1.MECH.E., AND CMDR. J. I. T. GREEN, O.B.E., M.I.MECH.E., 
M.1.MAR.E., R.N. (RET.) 

Trial results on presses with direct, steam-intensifier, and accumulator 
drive are discussed and direct and accumulator drives are compared, 
the steam-intensifier being considered obsolescent 


Metallurgy in nuclear power technology 7. Effects of 
irradiation on non-fissile metals J. C. WRIGHT, B.SC., PH.D., A.1.M. 
The metallurgy of nuclear power materials is developing on such a 
wide front and so rapidly that it is difficult for the non-specialist 
metallurgist to keep abreast with its scope. Dr. Wright outlines the 
subject in a series of articles 


Effect of carbide stringers on the distortion of die steels 
during heat treatment Kk. SACHS, PH.D., M.SC., A.1.M. 


The causes and mechanism of distortion of die steels during heat 
treatment, the influence of the structure of the steel and in particular 
the part played by carbide stringers are studied in this series of articles 


News 
Preparation of steel blanks for cold forging 


People 172 New plant 
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Increased output of jet engine components. That is 
briefly the result of installing this 50 Ib. (molten 
steel) capacity Wild-Barfield- NRC vacuum induction 
melting furnace at Filton. Bulk charging and mould 
locks enable semi-continuous production to be 
maintained. In fact, the weekly output of this one 
equipment is greater than that of five vacuum arc 
furnaces used for similar work. If you have a vacuum 
application, remember that the experience of Wild- 
Barfield covers the design and manufacture of all 


types and sizes of vacuum furnaces 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS - OTTERSPOOL WAY: WATFORD BY-PASS - WATFORD - HERTS - Tei: Watford 6091 (8 tines). Grams. Electurn, Wattord 
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‘A sheltered industry’ 


of the British steel industry towards contemporary developments in world steel- 

making practice. While we do not flatter ourselves that this has had any very 
far-reaching effect, it is interesting to note that more authoritative voices are now begin- 
ning to sound a warning. When the head of a large steel concern expresses criticism 
as did Mr. H. F. Spencer, managing director of Richard Thomas and Baldwins Ltd., 
recently, it is more difficult to shrug away the charges as unwarranted. 


Roe of this column may have noticed our periodic concern with the attitude 


Mr. Spencer, speaking at a meeting of the Ebbw Vale Metallurgical Society, pointed 
out that for decades we had been importing, copying and using under licence foreign 
processes and types of equipment. It was obvious that we had modernized our plants 
principally by importing or copying American, European, and now Russian plant and 
processes. It would be an alarming state of affairs if, in the future, we continued to 
depend on copying other countries’ processes and equipment. He went on to say that 
for many years the industry had been protected from external competition and sheltered 
by internal prices. It was a matter for thought whether voluntary research was enough 
in a fully sheltered industry. 


Taking as an obvious example of recent foreign development the new oxygen processes 
of steelmaking, it is hard to see how we could avoid copying a development which has 
revolutionized the whole pattern of steelmaking. Much more serious might be said to 
be the attitude which only admits new ideas when no way of escape is any longer possible 
and belated ignominious copying is the only alternative left. When it is seen that copying 
a foreign process may ultimately prove necessary, it is only sensible to ensure being in 
the forefront of its development and so profit from any other new ideas which may 
emerge. 


As an instance of particular interest to the forging industry may be cited the field of 
t d vacuum degassing of steel. It is now six years since the Bochumer Verein publicized 

. the process as a method of producing steel for making heavy forgings of superior quality. 
In the intervening years almost every country which makes steel for forgings has brought 
at least one large vacuum degassing plant into commission. In the U.K., the home of 
the heavy forging industry, buyers of rotors for power plants have been obliged, in order 
to obtain the best quality material, to purchase vacuum degassed forgings from abroad. 
Sometime in 1961 there will be a relatively large vacuum degassing unit in Britain. It 
will be a Bochumer Verein plant that could have been purchased much earlier. 


The loss to the U.K. is not only the loss of a few orders for rotors; we have lost both 
prestige and valuable time for learning the ‘ know-how’ of vacuum degassing. We 
shall be following, not leading, for many years to come, because the steel industry, 
though well informed from the first, failed either to copy foreign methods or instigate 
adequate research effort to develop its own vacuum degassing method. 


It is to be hoped that a recent announcement by the British Iron and Steel Research 
Association, indicating that vacuum degassing’ research will be a prominent exhibit at 
the Open Days of its Sheffield Laboratories, will show that energetic steps are at last 
being taken. 


Inventions, unlike music, may not be plucked from the air but they both need a receptive 
audience. No industry can be blamed for not producing innovations to order but it 
must be prepared to provide the necessary encouragement to ensure sympathetic further- 
ing of new ideas. Attempts to keep the clock standing still help only to lose our place 
in increasingly competitive world markets. 
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Russian forging journal 


Abstracts from the Russian forging journal— Kuz- 
nechno-Shtampovochnoe Proizvodstvo,’ September, 
1960, 2. This is the second year of this journal 
devoted specifically to forging. Short abstracts of 
the more important articles are given im METAL 
TREATMENT each month. 


Forging of the metal during the cogging of heavy 
billets between plane tools. LYU KHAI-KUAN’, I. YA. 
TARNOVSKII and V. N. TRUBIN. Pp. 1-5. 


The experiments show that during cogging by 
forging the ratio of the extent of the bite (longi- 
tudinal movement of billet between squeezes) to 
the thickness of the billet (/h) exerts the greatest 
influence on the distribution of deformations over 
the cross-section and length of the forging. The 
higher is the ratio / : A, the greater is the inhomo- 
geneity of the deformations, and the increase in 
the inhomogeneity is very rapid at /:h>0-4. 
But low values of this ratio cause longitudinal 
tensile stresses, to avoid which /:h should be 
within the limits of 0-5-0-7, dependent on the 
concrete forging conditions. Higher values should 
be chosen for metal with low ductility, in which 
internal bursts may occur, but for metal with 
adequate ductility for the sake of better forging of 
the central part of the piece lower values may be 
used. For hammer forgings, where / : 4 is normally 
greater than unity, optimum bites should be chosen 
for other reasons which are not considered in the 
article. It was found that the more frequently 
there is movement of the limits of bite during 
cogging in several passes, the lower is the degree 
of inhomogeneity of the deformations and the 
more homogeneous is the forging of the metal. 
Hence for better forging of the metal moderate 
reductions should be employed per working stroke 
of the press, thus increasing the number of passes. 
The last feature acquires special importance 
during the forging of an ingot with low degrees of 
forging, when the inhomogeneity of forging of the 
cast structure gives rise to a marked worsening of 
the metal quality. To forge with high degrees of 
forging the number of passes should be increased 
and the reduction decreased, so that the number of 
passes will be adequate for homdgeneous forging. 


Flanging of rectangular apertures. V. S. REMENIK 


and L. I. RUDMAN. Pp. 5-8. 

Flanging operation problems and methods are 
discussed with special reference to wide flanges 
with a relatively high lip and small radii of curvature 
at the corners. 


The life of forging roll dies. E. F. SHARAPIN and 


N. A. NOGA. Pp. 8-10. 


Experiments were conducted on low-alloy and 
8Cr-2V steels to find the most suitable materials 
for dies for rolling coal combine scraper conveyor 
chain links. 


The choice of lubricants for deep drawing of thin 
sheets. P.G. KOVTUN. Pp. 10-12. 


Experiments were conducted on 13 different 
lubricants with particular reference to die life and 
the quality of the drawn components. Rimming 
steel (0-06-0-08°,, C) sheet blanks were worked 
into cups in four draws, and the °., scrap for each 
draw and the number of cups drawn per die were 
recorded. It is shown that for very deep drawing 
of thin sheets with a bright surface the following 
lubricants should be used: first draw, 6°, oil 
soap emulsion; subsequent draws, same emulsion 
with additives. Where the surface is oxidized, 
good results are obtained for all draws without 
additives. The chief additives were graphite and 
talc. ; 


Extrusion technology of uranium and uranium 
alloys. 1. L. PERLIN and V. A. FEDORCHENKO. Pp. 
12-18. 

A review of techniques employed in Russia and 
the Western world. 


The effect of various additives on the quality of 

lubricants employed for deep drawing of steel. Vv. 1. 
KONOPLINA. Pp. 19-20. 
Experiments were carried out to determine the 
limiting shear stress of lubricants with and without 
the following additives: ferric oxide, nickel oxide, 
graphite, talc, chalk and molybdenum disulphide. 
Plots were also prepared of press force against 
limiting shear stress and of press force in relation 
to ram travel. 


An investigation of insulation of forging hammers 
against vibration under production conditions. V. F. 
SHCHEGLOV and V. V. KURIN. Pp. 21-26. 


Experiments were carried out on two 3-ton forging 
hammers with different systems of insulation of 
the foundations against vibration, by the use of 
normal vibrational insulation by damping the 
vibrations against the spring stops of the inertia 
system, and by damping of the vibrations within 
the system by the movement of the hammer to 
meet the inertia block. The methods are assessed. 


continued on page 144 
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Ferrite grain boundaries in iron 


and low-carbon steels 


IVAN HRIVNAK 


Multi-step ferrite grain boundary etching has been observed in certain physical 
states of low-carbon steels. Similar experiments have also been carried out on pure 
tron, and it is considered that the phenomenon is an objective reality having its 
origin in the crystallographic state of the area. The work was first reported in 
* Hutnické Listy,’ 1960 (6). The author is at the Welding Research Institute, 


Bratislava, Czechoslovakia 


DuRING A sTupDy of the ferrite grain boundaries in 
*“Senecky bridge’ material in the year 1957, it was 
found that certain physical states of the steel 
investigated are accompanied by the etching effect 
of multistep ferrite grain boundaries. In the year 
mentioned preliminary experiments were com- 
pleted with the same material, and it was established 
that the brittle state resulting from ageing is not the 
only state in which multi-step, grain boundaries 
occur, and in addition that this effect can also be 
observed in other types of low-carbon steels. In 
order to avoid the difficulties associated with the 
inability to define precisely the physical states of 
commercial steels, similar experiments were carried 
out on spectroscopically pure Johnson-Matthey 
iron to study the effect of the states of the material 
resulting from preliminary precipitation and pre- 
cipitation. 


Present opinions on grain boundaries 
Burgers,' in a discussion on the boundaries 
between the mosaic blocks in an imperfect crystal, 
describes the transition in orientation from one 
block to another system of dislocation lines. The 
boundaries of the mosaic blocks, i.e. the sub- 
boundaries, or boundaries of the mosaic structure,” 
are typical examples of grain boundaries with a low 
angle of misorientation, 5. Dependent upon the 
relationship between the neighbouring blocks, their 
boundaries can be tilted or twisted, that is to say 
they are slightly rotated about the tangential axis, or 
at right angles to the boundary surface. Normally 
both types of grain boundaries (tilt and twist) are 
formed by an array of dislocations. Then the tilt 
boundary is a boundary formed by edge disloca- 
tions, while the twist boundary is a boundary 
formed by screw dislocations. And finally a sym- 





metrical boundary is a tilt boundary formed by 

one system of edge dislocations 

As has already been indicated, it is the custom‘ to 
divide grain boundaries into low- and high-angle 
boundaries. The criteria for the values of the 
misorientation angles are not uniform. Normally 
boundaries for which 4 < 5-7, sometimes 8 < 10 
are termed low-angle boundaries, and where 
8 > 25°, the boundaries are usually termed high- 
angle boundaries. 

Cottrell® distinguishes four types of boundaries: 
1. Symmetrical tilt boundaries with low-angles 

(8 < 1°). 

2. Symmetrical tilt boundaries with medium 
angles, formed by parallel, but closely spaced, 
dislocations (5 8 20°). 

3. Unsymmetrical boundaries with low and 
medium angles, formed by an array of dis- 
Iccations. 

4. Boundaries with high-angles (4 > 30°) without 
lattice coherency, where the density of the 
dislocations is so great that they pass into the 
defects and vacant sites, according to Mott’ as 
‘an incoherent sequence of islands of good fit 
in a sea of misfit.’ 

The number of dislocation models of the 
boundaries is limited by the geometry of the 
boundary. And even though the approximation is 
allowed that curvilinear shapes are straight (from 
the macroscopic aspect), the number of geometri- 
cally possible models is equal to the number of ways 
of transforming a Burgers vector into a so-cailed 
t vector. If the Burgers concept of a boundary is 
taken to be a combined system of dislocations, 
then according to Read* an ordinary grain boundary 
has five degrees of freedom, and its orientations in 
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Russian forging journal 


Abstracts from the Russian forging journal— Kuz- 
nechno-Shtampovochnoe Proizvodstvo, September, 
1960, 2. This is the second year of this journal 
devoted specifically to forging. Short abstracts of 
the more important articles are given in METAL 
TREATMENT each month. 


Forging of the metal during the cogging of heavy 
billets between plane tools. LYU KHAI-KUAN’, I. YA. 
TARNOVSKII and V. N. TRUBIN. Pp. 1-5. 


The experiments show that during cogging by 
forging the ratio of the extent of the bite (longi- 
tudinal movement of billet between squeezes) to 
the thickness of the billet (/4) exerts the greatest 
influence on the distribution of deformations over 
the cross-section and length of the forging. The 
higher is the ratio / : h, the greater is the inhomo- 
geneity of the deformations, and the increase in 
the inhomogeneity is very rapid at /:h>0-4. 
But low values of this ratio cause longitudinal 
tensile stresses, to avoid which /:h should be 
within the limits of 0-5-0-7, dependent on the 
concrete forging conditions. Higher values should 
be chosen for metal with low ductility, in which 
internal bursts may occur, but for metal with 
adequate ductility for the sake of better forging of 
the central part of the piece lower values may be 
used. For hammer forgings, where / : h is normally 
greater than unity, optimum bites should be chosen 
for other reasons which are not considered in the 
article. It was found that the more frequently 
there is movement of the limits of bite during 
cogging in several passes, the lower is the degree 
of inhomogeneity of the deformations and the 
more homogeneous is the forging of the metal. 
Hence for better forging of the metal moderate 
reductions should be employed per working stroke 
of the press, thus increasing the number of passes. 
The last feature acquires special importance 
during the forging of an ingot with low degrees of 
forging, when the inhomogeneity of forging of the 
cast structure gives rise to a marked worsening of 
the metal quality. To forge with high degrees of 
forging the number of passes should be increased 
and the reduction decreased, so that the number of 
passes will be adequate for homogeneous forging. 


Flanging of rectangular apertures. V. S. REMENIK 


and L. I. RUDMAN. Pp. 5-8. 

Flanging operation problems and methods are 
discussed with special reference to wide flanges 
with a relatively high lip and small radii of curvature 
at the corners. 


The life of forging roll dies. &. F. SHARAPIN and 


N. A. NOGA. Pp. 8-10. 


Experiments were conducted on low-alloy and 
8Cr-2V steels to find the most suitable materials 
for dies for rolling coal combine scraper conveyor 
chain links. 


The choice of lubricants for deep drawing of thin 
sheets. P. G. KOVTUN. Pp. 10-12. 


Experiments were conducted on 13 different 
lubricants with particular reference to die life and 
the quality of the drawn components. Rimming 
steel (0-06-0-08°,, C) sheet blanks were worked 
into cups in four draws, and the °, scrap for each 
draw and the number of cups drawn per die were 
recorded. It is shown that for very deep drawing 
of thin sheets with a bright surface the following 
lubricants should be used: first draw, 6°, oil 
soap emulsion; subsequent draws, same emulsion 
with additives. Where the surface is oxidized, 
good results are obtained for all draws without 
additives. The chief additives were graphite and 
talc. 


Extrusion technology of uramum and uranium 
alloys. 1. L. PERLIN and V. A. FEDORCHENKO. Pp. 
12-18. 


A review of techniques employed in Russia and 
the Western world. 


The effect of various additives on the quality of 
lubricants employed for deep drawing of steel. Vv. 1. 
KONOPLINA. Pp. 19-20. 


Experiments were carried out to determine the 
limiting shear stress of lubricants with and without 
the following additives: ferric oxide, nickel oxide, 
graphite, talc, chalk and molybdenum disulphide. 
Plots were also prepared of press force against 
limiting shear stress and of press force in relation 
to ram travel. 


An investigation of insulation of forging hammers 
against vibration under production conditions. V. F. 
SHCHEGLOV and V. V. KURIN. Pp. 21-26. 
Experiments were carried out on two 3-ton forging 
hammers with different systems of insulation of 
the foundations against vibration, by the use of 
normal vibrational insulation by damping the 
vibrations against the spring stops of the inertia 
system, and by damping of the vibrations within 
the system by the movement of the hammer to 
meet the inertia block. The methods are assessed. 


continued on page 144 
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Ferrite grain boundaries in iron 


and low-carbon steels 


IVAN HRIVNAK 


Multi-step ferrite grain boundary etching has been observed in certain physical 
states of low-carbon steels. Similar experiments have also been carried out on pure 
iron, and it is considered that the phenomenon is an objective reality having its 
origin in the crystallographic state of the area. The work was first reported in 


* Hutnické Listy,’ 1960 (6). 
Bratislava, Czechoslovakia 


DuRING A STUDY of the ferrite grain boundaries in 
‘Senecky bridge’ material in the year 1957, it was 
found that certain physical states of the steel 
investigated are accompanied by the etching effect 
of multistep ferrite grain boundaries. In the year 
mentioned preliminary experiments were com- 
pleted with the same material, and it was established 
that the brittle state resulting from ageing is not the 
only state in which multi-step, grain boundaries 
occur, and in addition that this effect can also be 
observed in other types of low-carbon steels. In 
order to avoid the difficulties associated with the 
inability to define precisely the physical states of 
commercial steels, similar experiments were carried 
out on spectroscopically pure Johnson-Matthey 
iron to study the effect of the states of the material 
resulting from preliminary precipitation and pre- 
cipitation. 


Present opinions on grain boundaries 
Burgers,' in a discussion on the boundaries 
between the mosaic blocks in an imperfect crystal, 
describes the transition in orientation from one 
block to another system of dislocation lines. The 
boundaries of the mosaic blocks, i.e. the sub- 
boundaries, or boundaries of the mosaic structure,” 
are typical examples of grain boundaries with a low 
angle of misorientation, 4. Dependent upon the 
relationship between the neighbouring blocks, their 
boundaries can be tilted or twisted, that is to say 
they are slightly rotated about the tangential axis, or 
at right angles to the boundary surface. Normally 
both types of grain boundaries (tilt and twist) are 
formed by an array of dislocations. Then the tilt 
boundary is a boundary formed by edge disloca- 
tions, while the twist boundary is a boundary 
formed by screw dislocations. And finally a sym- 


The author is at the Welding Research Institute, 


metrical boundary is a tilt boundary formed by 

one system of edge dislocations. 

As has already been indicated, it is the custom‘ to 
divide grain boundaries into low- and high-angle 
boundaries. The criteria for the values of the 
misorientation angles are not uniform. Normally 
boundaries for which 4 < 5-7, sometimes 8 < 10 
are termed low-angle boundaries, and where 
8 > 25, the boundaries are usually termed high- 
angle boundaries. 

Cottrell® distinguishes four types of boundaries: 
1. Symmetrical tilt boundaries with low-angles 

(3 ig 

2. Symmetrical tilt boundaries with medium 
angles, formed by parallel, but closely spaced, 
dislocations (5 3 20°). 

3. Unsymmetrical boundaries with low and 
medium angles, formed by an array of dis- 
Iccations. 

4. Boundaries with high-angles (8 — 30) without 
lattice coherency, where the density of the 
dislocations is so great that they pass into the 
defects and vacant sites, according to Mott’ as 
‘an incoherent sequence of islands of good fit 
in a sea of misfit.’ 

The number of dislocation models of the 
boundaries is limited by the geometry of the 
boundary. And even though the approximation is 
allowed that curvilinear shapes are straight (from 
the macroscopic aspect), the number of geometri- 
cally possible models is equal to the number of ways 
of transforming a Burgers vector into a so-called 
t vector. If the Burgers concept of a boundary is 
taken to be a combined system of dislocations, 
then according to Read* an ordinary grain boundary 
has five degrees of freedom, and its orientations in 
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relation to the grains themselves are more than two 
and therefore normally indeterminable. 

While several dislocation models have been 
worked out for the low-angle grain boundaries, 
such as the Burgers model for instance, for the 
high-angle grain boundaries there are very few 
models, and even these are incomplete. The most 
well known of them, the model described by Mott’ 
or Ke T’ing Sui*® starts out, of course, from the 
theory of dislocations, but temperature variations 
play the main part. According to Mott the boundary 
surface forming the transition from one grain to 
another can be divided up into zones or islands, in 
which the fit between two crystals is good, and 
between these islands there exist further zones in 
which the fit is bad. The size of the zones of poor 
fit increases with increasing angle 4, attaining a 
maximum at 45. Grain boundary sliding between 
neighbouring grains, according to Mott is not 
caused by a crystallographic slip process, but by 
local fusion due to thermal fluctuations, i.e. by 
breakdown of the lattice structure of the islands 
of good fit. 

The energy of a high-angle grain boundary in 
accordance with the model of Mott has not yet been 
calculated. Amongst many who have attempted to 
calculate this energy, the last was Erdmann- 
Jesnitzer,® but without acceptable results. One of 
the advantages of Mott’s model is that it is possible 
thereby to explain viscous creep at the boundaries as 
the consequence of the breakdown of the structure 
of the islands of good fit, equivalent to the local 
fusion of small volumes. Before these dislocation 
models, the hypothesis of an amorphous cementite 
was widely held, which could create sheaths round 
the grains. The originator of this hypothesis was 
Rosenhain, and his opinion was strongly supported 
by Beilby with his hypothesis of precipitation 
hardening. It was found namely that the grain 
boundary energy is independent of small changes 
in the orientation of the grains (up to 1°), which 
this hypothesis was able to explain. Mott,"’ how- 
ever, in a discussion about his own model, observes 
that from several hypotheses based on the transi- 
tional lattice theory of the boundary, it is possible 
to show that the grein boundary energy is inde- 
pendent of the relative orientation of the crystals, 
if the change in orientation is very small (1-2 

If the boundary is a narrow transition zone 
between two grains, then certain of its properties 
would necessarily be dependent on the mutual 
orientation of the neighbouring grains. Such an 
effect has been described recently by Lacombe 
and Yannaquis,* who found that the rate of attack 
of hydrochloric acid on the grain boundaries of pure 
aluminium is dependent on the mutual orientation 
of the adjacent crystals and the orientation of the 
individual boundaries. The boundaries of such 
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grains which had identical orientation or had a 
twinning relationship, had considerable resistance 
to the etching attack of the acid. From this it was 
judged that the intercrystalline attack must be a 
property of the discontinuities in the bonding of 
the respective lattices, and that the discontinuities 
are correspondingly greater, the greater the differ- 
ence in the orientation of the grains. It was sug- 
gested that even in aluminium of the high purity 
used (99-9986°.), there could be a sufficient 
quantity of impurities at the grain boundaries, and 
that their concentration will be greatest at the 
point where the transition from one lattice to the 
other is most extensive. 

Some time ago Dunn, Daniels and Bolton*® 
showed directly the relationship between the grain 
boundary energy and the orientation of the neigh- 
bouring grains in silicon iron. They used a dis- 
location model with an expression for the grain 
boundary energy sensitive to small changes in 
orientation 

E,4 (A - In 34) 
where E, and A are constants and 3 is the difference 
in the orientation of the crystals of two grains form- 
ing a boundary, where one crystallographic direction 
remains constant with changes in 4. 

They worked on a series of 12 tri-crystal speci- 
mens, and used a microscope to investigate the 
change in the grain boundary energy in the [110] 
and [100] planes. The results for the series of [110] 
planes show a rapid growth in grain boundary 
energy with the difference in the orientation, and 
the curves of this growth are in good agreement 
with the function of the shape E,4 (A - In 8). The 
results for the [100] plane series show a similar 
growth in grain boundary energy with a maximum 
at 30. 

Similar findings have been arrived at by King 
and Chalmers,‘ and recently by Erdmann-Jesnitzer,° 
van der Merwe!” and others so that it may be 
considered as proved that the grain boundary 
energy is a function of the orientation of the 
neighbouring grains. A review of various methods 
of measuring the grain boundary energy has been 
given by Chalmers.’ For a study of the grain 
boundary energy, however, it must be borne in 
mind that this is made up of two parts:*: * 

1. Of the sum of the energies of the atoms in 
the centre of the dislocations, where the distortions 
of the crystal lattice are so great and varied, that 
Hooke’s Law does not apply, and they cannot 
therefore be calculated from elasticity theory. 

2. From the energies of the elastic distortions, 
at distances comparable with the distances between 
the dislocations. In this instance the energy is 
dependent on the orientation, and is determined 
from simple, physical expressions of elasticity 
theory. 
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Of the remaining properties of the boundaries, 
a characteristic is their lower melting point than 
that of the crystal itself. This effect is not caused by 
impurities, and the reduction in the melting point 
is not dependent on the relative orientation of the 
two crystals, between which the boundary passes 

Dean and Davey™ established, as long ago es 
1938, differences in the chemical composition in 
the vicinity of the grain boundaries and within 
the crystallites themselves. In their research they 
determined the Cu content at the grain boundaries 
in Zn-Cu solid solutions at various Cu contents 
up to 2-1°,. In all instances the Cu content of the 
grain boundaries was lower than within the actual 
grains. In an alloy containing 1-07°, Cu for 
instance, at the grain boundaries the content was 
only 0-8°,, Cu, while within the grains it was 
1-1% Cu. 


Experimental section 

To observe the effect of multi-step ferrite grain 
boundaries, three types of material were used, the 
chemical compositions of which are shown in 
Table 1. The first material, the ‘Senecky bridge’ 
material, is a low-carbon, unalloyed, rimming steel, 
produced about 50 years ago. This material is 
especially sensitive to ageing, and has great hetero- 
geneity of its mechanical properties. Marked 
evidence of this heterogeneity is given, for instance, 
by notch impact tests in the normalized state 
(910°C. for half an hour followed by air-cooling), 
when the individual results varied from the arith- 
metic mean of 1] kgm. cm.* by up to 300°, (4 and 
21 kgm. cm.*). 

The next material is a structural steel with u.t.s. 
37 kg. mm.*, without any special characteristics to 
distinguish it from this type of steel, and with a very 
small quantity of pearlite ; it is especially suitable for 
the study of effects at the grain boundaries. The 
last material was a spectroscopically pure iron of 
English production, which, of course, had very low 
contents of carbon and of other elements, but 
relatively high nitrogen and oxygen contents. 

In order to define the effect of the multi-step 
ferrite grain boundaries, both optical microscopy, 
and electron microscopy and micro-beam X-ray 
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The polished specimens were prepared 
exclusively by electrolysis in a solution of the type 
HCIO, + CH,COOH + H,0O at 25 V. for 1 min. 
As an etchant to reveal the structure, use was 
made of a 3-5°,, solution of HNO, (65°,, A.R.) in 
C,H,OH. The temperature of the etchant was 
about 20°C. 

For observation with the electron microscope 
several replica techniques were used. All are 
extremely difficult, for a very marked surface 
relief must be created in order to reproduce the 
effect of multi-step ferrite grain boundaries. 
Collodion replicas are almost unusable. When 
working with a dilute solution (1-5-2°,,), whereby 
a high power of resolution would be expected, a 
nitro-cellulose film is difficult to strip."° With 
great dexterity it is possible to strip it after thorough 
drying, but a collodion film is weak and swells in 
water, and during drying tears precisely at the 
grain boundaries because of the high relief which 
causes considerable local weakening. If a more 
concentrated solution of 3—4° , is used, the prepara- 
tion of collodion replicas is simple, but their 
thickness exceeds 800 A, so that the resolving 
power is inadequate. 

Two-stage, polystyrene replicas are more suit- 
able. As a first step a replica is obtained with poly- 
styrene at 150-180°C. and a pressure of 100-130 
atm. For this purpose a special polystyrene press 
was constructed at the Welding Research Institute. 
A cylindrical specimen with a polished surface of 
8 mm. dia. is inserted into a hollow cylinder which 
can be dismantled and is closed at both ends by 
two movable pistons. A definite quantity of 
polystyrene is poured onto the polished surface of 
the specimen, the whole specimen is heated in a 
furnace to 150-180°C. and placed in the press, 
where both pistons exert a pressure of 100-130 atm., 
and maintain this pressure until the specimen cools 
down to room temperature. Then the specimen is 
removed from the press, the hollow cylinder is 
dismantled, and the specimen is removed from it 
with the polystyrene, which is very easily separated 
from the polished surface. The polished surface 
cannot oxidize at 150°C. because it is protected by 
the liquid layer of polystyrene. 


diffraction were used. ° As the second stage, chromium is evaporated 
TABLE 1 Chemical compositions of the materials, 
Cc Mn Si S P N, O - aR Sy 
1. ‘Senecky bridge’ 
_. Material zs 0-07 0-41 traces 0-050 0-065 0-025 0-011 0-007 = 
2.CSN 11370 steel 0-115 0-42 traces 0-03 0-014 not 0-11 


3. Johnson, Matthey 
& Co., spectro- 
scopically pure 
iron... én 0-03 4°10" 0 


determined 


8-10°* 0 0-01 0-01 0 | 1-10~ 
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obliquely on to the polystyrene replica at an angle 
of 5-15 and carbon then evaporated vertically. 
Even though carbon films are very strong, because 
of the high relief, a thicker layer was unavoidably 
evaporated, which partly reduced the resolving 

wer. 

Finally, in many instances use was made of carbon 
extraction replicas.'®: '® 


Effect of multi-step, ferrite grain boundaries 

As has already been mentioned, under the action 
of the nital solution on the polished surface, multi- 
step grain boundaries formed. From the start it 
was possible to distinguish them in the ‘Senecky 
bridge’ material only by means of the electron 
microscope.'® The author investigated ageing in 
this material and judged that the critical stage, in 
which a rapid drop in the notch impact strength 
occurs, without any formation of precipitates 
exceeding 100 A (which was the resolving power of 
the electron microscope), is associated with definite 
preliminary diffusion processes at the grain bounda- 
ries, which appear as multi-step grain boundaries 
with a finite number of steps. But as a result of 
careful analysis it was found!’ that this effect occurs 
in all states of the material, regardless of the 
mechanical properties, even for instance in the 
normalized state. Even at that time it was possible 
to establish that the number of ferrite grain bound- 
ary steps increases with the time of exposure in a 
solution of HNO, in alcohol, and that, in so far as it 
was possible to investigate them by means of an 
optical microscope, it was impossible to reach a 
time when equilibrium was arrived at, and the 
number of grain boundary steps remained constant. 

At the time, certain preliminary experiments 
were carried out on other materials, such as Armco 
iron, steel to specification CSN 11370 and other 
experimental low-carbon steels, and it was estab- 
lished that all these materials show the effect of 
multi-step, ferrite grain boundaries. Obviously the 
various steels also showed this effect in different 
modifications, and the markedness of the pheno- 
menon likewise varied. 

We shall now examine the effect of the time of 
etching in a 3-5°,, nital solution on the polished 
surface of steel CsN 11370 in the state after nor- 
malizing at 910°C. for 30 min. and air-cooling. In 
fig. 1 is recorded an area of a polished specimen 
after etching for various times from | to 6-5 min. 
From the series of illustrations it is evident that 
after the normal period of etching, when the correct 
revelation of the pearlite and ferrite boundaries is 
taken to be the criterion of the correct etching of the 
structure, so that a relief is not produced which 
would render impossible simultaneous focusing 
on the whole structure, then these grain boundaries 
are normal, without any marked phenomena. But 
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after a longer period of etching the stepped nature 
of the grain boundaries starts to be revealed; these 
were called multi-step grain boundaries. From the 
series of figures attention should be paid to a 
number of facts: 

1. If we were to transfer the network of the 
original boundaries from fig. la to the other 
figures, it would be possible to show that the 
graduated etching of the boundaries proceeds on 
both sides of the original boundary. This effect is 
very marked, especially on the boundary between 
grains A and B. 

2. The intensity of the effect of the multi-step 
grain boundaries, and thus of the stepped etching, 
is dependent on the relative orientation of the 
grains, and also on the inclination of the boundary 
surface in relation to the plane of polish. If this 
inclination is low, evidently the stepped etching 
will also be most pronounced. 

3. As the time of exposure in 3-5°,, nital is 
prolonged, the first steps are exposed more rapidly 
than the subsequent ones. Finally the steps are 
indistinguishable. 

4. The small etch pits in the ferrite grains in 
fig. la form, during the course of further etching, 
into etch patterns of definite shapes, oriented 
according to their reldtionship to the grain. The 
area density shows an average number of etch 
patterns of about 6 10° cm.-? 

5. Certain boundaries, for example in this 
instance between grains 2 and 3, remain simple, 
without the effect of stepped etching, even though 
the orientation of the etch patterns of grains 2 and 
3 is twisted through about 70. 

6. The stepped etching is parallel with the 
original boundary, and in fig. 16 the intersection of 
two planes of stepped etching is visible in the 
boundary between grains A and B, where the line 
of intersection is stepped. 

Since the structure of the ferrite grain boundaries 
of the ‘Senecky bridge’ material has been thoroughly 
analysed already in another context,'’ use was made 
of the ¢sn 11370 steel to throw light on the 
behaviour of the grain boundaries during the 
dissolution of the surface in an etchant. In fig. 2 
this steel is in the normalized state, with charac- 
teristic etch patterns, and with a ‘structure’ of the 
grains themselves. It may be observed that the 
orientation of the etch pits is always at right angles 
to the ‘structure’ of the grains. But it must also be 
observed that the orientations of the etch patterns 
are not necessarily uniform within the same grain, 
and therefore that the etch patterns of this mor- 
phology are not suitable for determining the relative 
orientation of the grains. From fig. 2 it is also 
evident that the spacing of the steps is not neces- 
sarily even, and finally also that the structure of the 
boundaries can be more complicated, if the stepped 
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structure is combined with a breakdown dis- 
ribution. 

A similar effect of stepped etching of the bounda- 
ries was also observed in the spectroscopically pure 
iron. Fig. 3 shows the grain boundary structure of 
this material after normalizing at 950°C. for 30 
min. and air-cooling. It is evident that not all the 
boundaries show this effect, and that subsequent 
steps are not necessarily always parallel with the 
first boundary. And though the actual fact of the 
phenomenon of multi-step grain boundaries is 
very important, so far the causes of this effect had 
not been discovered. Therefore these steels were 
subjected to observation with the electron 
microscope. 

Fig. 5 characterizes a multi-step boundary of 
normalized ‘Senecky bridge’ material. Even at this 
magnification, and a resolving power of 200 A, it is 
impossible to detect the presence of any precipi- 
tates, which might give rise to this etch effect. 

The most interesting results were obtained from 
the electron microscope analysis of the CsnN 11370 
material in the normalized state. A typical example 
of multi-step boundaries and also of the conditions 
at the boundaries is shown in fig. 6. The bounda- 
ries are stepped, but also divided in the direction of 
the descent. This is the junction of the boundaries 
of three grains with differing, but unknown, 
orientaticn, in which it is shown that the nature of 
the grain boundaries is dependent on their relative 
orientation. One boundary is formed by a thin 
line even after such deep etching, while the remain- 
ing two are stepped. Definite assessments may be 
made of the mutual orientation of the two grains 
with a simple boundary from the character of the 
etch patterns which are parallel. 

Another example of a stepped, and at the same 
time divided, arrangement of a boundary is shown 
in fig. 7. Let us observe more closely the mor- 
phological arrangement of the steps. This is an 
example of some sort of dislocation, that is to say 
that a step appearing on the right side disappears 
towards the middle, and out of the four steps three 
are left. It is self-evident that the word dislocation 
is here used only on account of the characteristic 
analogy between this phenomenon and a definite 
type of lattice defect. 

On the basis of these findings it is possible to 
build a model of the ferrite grain boundaries, which 
shows the effect of multi-step grain boundaries. It 
must first of all be shown that these steps are not an 
artefact, caused by etching in the oxidizing medium 
of HNO,. As proof let us adduce the following 
arguments : 

1. The whole of the classical metallography of 
steel is based on the interaction between a solution 
of HNO, in alcohol and the surface of a polished 
specimen. All the structures revealed and identified 
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in this way are in good agreement with other pro- 
perties determined during other independent 
experiments. Surely, therefore, by prolonging the 
etching period, for instance, from 30 to 60 sec. 
artefacts ought to have formed. 

2. Let us assume that merely by prolonging the 
time of etching artefacts will on the contrary occur 
in the form of multiple steps at the grain boundaries. 
But then this phenomenon is not spontaneous, and 
is after all dependent on the relative orientation of 
neighbouring grains. And for all that, certain 
boundaries do not show this effect even after such 
long attack by the etchant. 

3. After the precipitation of nitrides this 
effect disappears. 

4. It is very improbable that definite etch 
effects should be considered to be merely the 
result of the chemical reaction of the etchant 
regardless of the internal structure of the metal. It 
is far more probable that the etch patterns are 
formed by the complex action not only of the 
etchant, but also of the momentary state of energy 
of the surface. Therefore the etch patterns obtained 
are dependent on this momentary state of the 
surface, even though the constant of proportionality 
can be substantially dependent on the chemical 
reagent employed. But proof of the proportionality 
of the etch patterns to the momentary state of 
energy of the surface obtained by speculation, on 
the assumption that this is not influenced from 
outside, is sufficient to confirm that at the boundaries 
of ferrite grains there exists a definite zone with 
properties other than those which formerly it was 
generally considered to possess. 

We attempted to show that only the high-angle 
boundaries display this effect of stepped etching of 
the ferrite grain boundaries. For this purpose the 
following experiments were carried out; the ¢sN 
11370 steel and the spectroscopically pure iron were 
heat-treated at 1,200°C. for 20 min. and cooled in 
the furnace to a temperature of 600°C., and then 
quenched in water. This treatment was chosen for 
the following reasons: In order to obtain a coarse 
grain structure, and in order to ensure that N, and 
O,, and to some extent C would be dissolved in the 
lattice of the x-iron. Then tensile test specimens 
were prepared, with one surface ground and 
polished. The specimens were sufficiently etched 
so that the effect of the stepped etching was revealed. 
Then 3-12°,, tensile deformation of the specimens 
was carried out. The fragmentation was checked 
by micro-beam X-rays using the back reflection 
method. 

On the polished surface slip bands appeared. It 
was assumed that the high-angle grain boundaries 
would be a sufficient barrier for the slip bands, so 
that they would not pass through them, or in passing 
through them, would initiate slip bands in the next 














1 Influence of time of etching on the effect of multi-step ferrite grain boundaric a) 1 min., (b) 3 min. 40 sec., (c) 4 min 
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5 Multi-step boundary in ‘ Senecky bridge’ material. Etched 3 min. Polystyrene-Cr-C print 7,000). 6 Stepped and divided 
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8 Passage of slip bands through a boundary. After etching for 2 min., 12°, cold deformation 1,000). 9 Slips through a 
boundary. After etching, 10°, deformation 1,000 10 Precipitates on the surface of a fracture surface. Carbon 


extraction replica 7,000 
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min 11 Influence of ageing at 250 C. on the formation of precipitates and on masking of the effect of the multi-step, ferrite grain 
700 boundaries. Unaged specimen. Etched 1 min. (« 700). 12 As figure 11, but after heating for 18 h. Etched 1 min 
13 Precipitates after heating for 50 h. at 250°C. and quenching in water. Etched WO sec. 600 1,000 
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14 Tilt boundary with 6 30 900 15 Detail of a grain with a ult boundary 1,000 16 Morphology of the 
formation of precipitates. Carbon extraction replica. 
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17 Multi-step grain boundary with formation of discrete precipitates. Carbon extraction replica. 18 Structure of a 
boundary with two rows of precipitates. Carbon extraction replica. 19 More complex example of a boundary with 
rows of precipitates on one side. Carbon extraction replica. 
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ugh a 20 Single line of discrete precipitates at a boundary. Carbon extraction replica. 21 Precipitates delineating t-vo lines at a 

arben boundary. Carbon extraction replica. 22 Distortion of the boundary in the vicinity of a precipitate. Carbon extraction 
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grain, but running in another direction. It was 
assumed that the low-angle grain boundaries would 
present no obstacles to the slip bands, and that the 
bands would pass through them without a change in 
direction. 

The assumed shortcomings of the experiments 
were that the deformation was not homogeneous, 
so that individual grains could be subjected to 
combined stress, and therefore that the slip bands 
could also be curved within the grain. The other 
defect was that x-iron can have many slip systems, 
so that an instance could arise where slip bands 
terminating at a high-angle grain boundary might 
initiate the formation of slip bands in the other 
grain, and that by chance these could continue 
in such a slip system that they were parallel with the 
original bands. 

The results of the experiments in this direction 
did not give a satisfactory answer. It was found 
that accordingly about one boundary in 40 should 
have been a low-angle boundary, if passage of the 
slip bands without change of direction had been 
taken as the criterion. In fig. 8 (material Csn 11370) 
it is adequately shown that slip bands pass through a 
simple and a stepped boundary, so that either the 
high-angle boundaries are not a sufficient barrier 
for the passage of the slip bands, or the stepped 
boundaries are likewise low-angle boundaries. Since 
the second argument can be simply refuted, the 
first argument must be accepted, that the slip bands 
are not a suitable criterion for distinguishing the 
low and high-angle boundaries. This is in fact 
clearly shown by fig. 9 (material ¢sN 11370), in 
which slip is visible at right angles to a stepped 
boundary with a dimension of about 0-5., which 
decisively refutes the assumption. 

Another possibility of obtaining informaticn 
about the angles of misorientation at the grain 
boundaries was by means of the etch patterns. This 
possibility has already been discussed earlier, and 
it was shown (fig. 2) that it is unsuitable for deter- 
mining the orientation. 

The last exact possibility of X-ray determination 
of the orientation was not used on account of the 
problems of this method connected with obtaining 
a focused pencil of X-rays. 

A further series of experiments, which were 
intended to support the preceding conclusions and 
Mott’s hypothesis of islands, consisted of a study of 
fracture surface$. The study was completed on the 
*‘Senecky bridge’ material in the brittle state during 
a study of ageing. The ideas lying at the basis of the 
experiments were as follows: If areas of good and 
bad fit really exist at grain boundaries with 4 > 25 , 
then on an exposed intergranular fracture the 
fracture surface ought to be formed by these 
islands. If from electron microscope analysis 
(figs. 6 and 7) the sizes of these islands were less 
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than 1, and if their morphology were cubic, then 
the fracture surfaces ought also to have a similar 
morphology. 

In order to ensure an intergranular fracture, 
impact test-pieces were selected from a series of 
strain-ageing experiments, carried out after nor- 
malization and 10°,., cold deformation, with sub- 
sequent heat treatment for | h. at 100, 200, 300 
and 400°C. To these states the corresponding 
notch impact strengths were under 0-2 kgm. cm.*. 
In the structure no precipitates were revealed by 
the electron microscope. In fig. 10 is shown a 
typical example of the fracture surfaces from these 
experiments. This is from a specimen heated at 
300 C. As follows from this figure, on the fracture 
surfaces we discovered no such areas as could be 
analogous to the islands established morphologically 
in the structure. But on the fracture surfaces 
precipitates were discovered about 200-500 A 
in size. 

One further experiment was carried out. This 
was based on the supposition that in such a brittle 
fracture the area of the fracture surface is not 
plastically deformed, and likewise does not contain 
high internal stresses. Then, if Mott’s model were 
to correspond to reality, micro-beam X-ray analysis 
by the back reflection method ought to give a diffuse 
line, a doublet indistinguishable by Kz,., (diffrac- 
tion, however, starts just under the surface), whereas 
after sufficiently long etching of the fracture surface, 
during similar back-reflection from the basic 
material (from the ‘structure’), the doublet would be 
distinguishable, and sharp. Ideally this experiment 
ought to work, but the difficulties of the method 
cannot be surmounted, namely: 

1. If in reality the intergranular fracture were 
to be very brittle, so that no plastic deformation of 
the area of the fracture surface took place, then the 
material would have to reach an extreme state of 
brittleness; such a state, of course, by its very 
nature gives rise to internal stresses, the action of 
which would mask the desired effect. 

2. Deformation of the area of the fracture 
surface cannot be excluded; subject to certain 
assumptions it can be calculated from the energy 
absorbed by the work done on impact, but the 
resultant values are only approximate. 

3. By annealing the fracture im vacuo at 600°C. 
to remove internal stresses, recrystallization of 
these areas would also occur. 

First of all X-ray experiments were carried out 
by the back reflection method, and the fracture 
surfaces produced completely diffuse lines with 
an indistinguishable doublet, and on the other 
hand the basic material also indicated internal 
stresses and therefore diffuse lines. It proved 
impossible to eliminate this effect. 

Since the whole of this work is intended as an 
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introductory study to the ageing of mild, unalloyed 
steels, we carried out a study of the effect of the 
precipitation of nitrides on the properties of the 
ferrite grain boundaries. In order that the effect of 
the nitride precipitation should not be overshadowed 
by other effects, the experiments were carried out on 
the spectroscopically pure iron, in which only the 
interstitial elements C, N,, O, and possibly H, 
entered into consideration. 

After normalizing at 950°C. for 30 min. the 
spectroscopically pure iron specimens were: 
(a) Cooled in the furnace to 600°C. and then 
quenched in water; and (6) cooled in the furnace to 
normal temperatures. After (a) the specimens had 
a ferrite structure, in which no precipitates were 
found, with pronounced, multi-step, ferrite grain 
boundaries, as may be seen in fig. 3. These multi- 
step grain boundaries were obtained by etching for 
45 sec. in 3-5°,, HNO,. After (6) the specimens 
contained a large quantity of precipitated and 
oriented nitrides, without a high concentration at 
the grain boundaries. The effect of multi-step grain 
boundaries, however, was not revealed either after 
exposure in the same etchant for 15 sec. (fig. 4), or 
after exposure for 1 min. 45 sec. If this effect were 
evidence of the fact that the heterogeneous zones 
of the multi-step ferrite grain boundaries are areas 
with a higher concentration of interstitial atoms of 
N,, O, and C, then, for instance, the nitrides, which 
may be easily identified, at the given temperature 
ought at least to have precipitated preferentially at 
these grain boundaries. 

Therefore a series of experiments were carried 
out with heat treatment at 700°C. for 30 min. with 
quenching in water, which should ensure dissolu- 
tion of the nitrides, with subsequent ageing at 100, 
250, 300 and 400°C. As experimental material the 
spectroscopically pure iron was used. Fig. 11 
represents the configuration of the multi-step grain 
boundaries after heating at 700°C. for 30 min. and 
quenching in water. 

This same specimen was then aged for 18 h. at 
250°C. with subsequent quenching in water. The 
surface oxide film was removed by grinding with 1F 
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23 A precipitate which likewise 
modified the entire structural 
arrangemen: of a boundary 
Carbon extraction replica. 
12,000 


paper. In fig. 12, showing the same area, it may be 
seen that at the boundaries are apparent distinct, 
coarse precipitates, and this namely in the area of 
the former, pronounced, multi-step grain boundary, 
even though the effect of multiple steps is still partly 
preserved. Within the grains themselves there are 
only isolated, coarse precipitates. And after 64 h. 
at 250°C. the precipitation at the boundaries is even 
more marked, and the number of precipitates 
within the grains themselves increases, while the 
effect of multiple steps of the boundaries, not only 
in this area, but in general, vanishes. Does this 
therefore mean that the effect of the multi-step 
grain boundaries disappears with the precipitation 
of interstitial elements from the solid solution? In 
order to prove this opinion, similar precipitation 
experiments were also carried out on the other two 
materials, namely the ‘Senecky bridge’ material and 
steel Csw 11370. And in fact, even after a very long 
period of etching in a solution of HNO, in alcohol, it 
proved impossible to produce the effect of stepped 
etching. 

Thus fig. 13 shows nitrides precipitated in the 
¢sn 11370 steel after the following heat treatment: 
700 °C. 30 min. water 250°C. 50 h./water. The 
etching time was 30 sec. The boundaries remain 
simple. Even after etching for 1 min. no multi- 
step grain boundaries were manifested. 

In the literature there are only very few opinions 
on multi-step grain boundaries. In Czechoslovakia, 
not very long ago, Jezek'* published results obtained 
from transformer steels, similar to those of the 
author,” in which the existence of multi-step 
boundaries was explained either as the first stage of 
precipitation at the boundaries, or as a concentration 
boundary formed by the dissolution of precipitates 
already liberated. As JeZek recently mentioned,'” in 
his study also the number of boundaries change 
with the time of etching. Very recently Cabelka 
linked the existence of multi-step ferrite grain 
boundaries in low-carbon steels with the pre- 
cipitation of oxides. 

In another series of experiments, to determine the 
relative orientation of the grains in the spectro- 
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scopically pure Johnson-Matthey iron, as the 
etchant we used | part HNO, (65°,, A.R.) — 4 parts 
distilled water, which etches the [100] plane. 
Recently Nutting** observed that, during a study 
of thin iron foils by means of transmission electron 
microscopy, the low-angle ferrite grain boundaries 
are formed by dislocations, while on the high-angle 
grain boundaries extinction contours of about 
200 A in width were found. The experiments with 
the crystallographic etchant on the [100] plane of 
the spectrographically pure iron are not in conflict 
with this finding. 

Let us assume that the two grains seen in fig. 14 
have a parallel orientation in relation to the surface 
of the polished specimen. It is known that the rate 
of dissolution of the grain is dependent on its 
orientation to the polished surface. Then, if we 
allow the polished surface to be etched away for a 
sufficiently long time, and in doing so establish, for 
instance, that two neighbouring grains are dis- 
solved at an even rate (it is possible to focus both 
grains simultaneously), it is very probable that their 
orientation relative to the plane of polish will also be 
the same. From the etch patterns (traces of the 
[100] planes) on the micrograph it is also possible 
to determine the inclination of the grains. It is very 
probable that the boundary in fig. 14 is a tilt bound- 
ary with a misorientation angle of about 30. And 
here we arrive at astonishing findings. The 
boundary in fig. 14 is simple, even though 6 — 30. 
And simple boundaries were also discovered even 
at 3 = 35. Even above about 40°, during etching 
hollows were formed in the boundary between two 
grains. 

If adjacent grains are dissolved at an uneven 
rate, their orientations relative to the polished 
surface will be different. If in addition the orienta- 
tion of the [100] planes is not identical, then the 
two grains will not be tilted, but twisted relative to 
each other, and the criteria of a normal boundary 
will apply for their boundary. Such an instance is 
shown in fig. 15, which is focused on one of two 
grains. Fig. 15 is also a montage of two photo- 
graphs, focused firstly on the boundary area, and 
secondly on the actual grain of ferrite. From these 
observations and namely from the last figure there 
follow certain characteristic facts: 

1. Between the two neighbouring grains there is a 
sudden jump. This is evidence of the fact that a 
real boundary exists between the two grains, like a 
contact surface which in agreement with Nutting 
may have a width of 200 A. 

2. There exists a definite boundary zone, as part 
of the grain, in which the structure is modified (the 
etch patterns have a different character). 

3. This zone has different physical properties to 
the rest of the grain, which in this instance was 
shown by the different rate of dissolution. It is 
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impossible to talk about the influence of dissolution 
of the specimen from the side. 

Therefore this conclusion may be drawn. It is 
very probable that grain boundaries ought not to be 
divided into high and low-angle boundaries, but 
rather into tilted and twisted boundaries. Tilt 
boundaries can be ‘low-angle boundaries’ even 
for a value 4 35 , and on the other hand, as 
has been shown in the experiments, even low 
values of 4 2-3 on the twist boundaries show 
the character of ‘high-angle boundaries.’ The 
twist boundaries (fig. 15 for example), in agreement 
with Nutting, form a narrow junction line and in 
addition a transition zone to the grain, which has 
properties different from the grain itself. In this 
way it was possible to show that multi-step grain 
boundaries are either twist boundaries, or tlt 
boundaries at 4 40. 

It was also necessary to establish why, after the 
precipitation of interstitial elements, the effect of the 
stepped etching of the boundaries disappears. 
rherefore detailed experiments were carried out 
on the spectroscopically pure iron to study precipita- 
tion at low temperatures. The specimens were 
homogenized at 950°C. for 4 h., then cooled in 
air to about 700 C., and finally quenched in water 
from this temperature. After this the specimens 
were heated at 100, 200, 300 and 400°C. for periods 
of 10 min., 1, 20, 50 and 100 h. The aim of the 
series of experiments was to establish, whether in 
the first stage of precipitation the precipitates are 
formed preferentially at the grain boundaries, and 
what is their subsequent movement. A further 
paper will discuss these experiments in detail; in 
this article are included only the first states of 
precipitation. 

It was found that the first stages of precipitation 
from the supercooled, alpha solid solution started after 
only 10 min. heating at 100°C. Precipitation begins 
in the dislocation lines and other areas where 
lattice defects occur, as is shown by fig. 16 (10 min. 
at 200 C.), and this takes place in the body of the 
grain, and in the main no preferential role of the 
grain boundaries was discovered. But after very 
detailed study it was found that at the same time as 
the intergranular precipitates, others start at the 
grain boundaries also, and that here for the most 
part discrete stringers are formed, as may be seen 
in fig. 17 (10 min. at 100°C.). 

At very high magnifications (= 100,000) all the 
details of this morphological configuration could 
be determined. Fig. 18 presents an example of a 
boundary formed on both sides by discrete lines of 
precipitates. Another example is depicted in fig. 19. 
This is a boundary with two discrete lines of 
precipitates and with a substance of yet another 
character—probably another type of precipitate. 
If this precipitation is allowed to develop, the 
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precipitates at the grain boundaries also grow, as 
is shown in fig. 20 after heating for 10 h. at 100 C. 
It consists of a line of discrete particles, delineating 
the boundary of the ferrite grain. But an even 
better example with several discrete lines, parallel 
with the boundary and formed by discrete particles, 
is depicted in fig. 21. 


In general it is possible to say that the precipita- 
tion starts, at all temperatures, equally in the grains 
and at the boundaries. With a longer time of 
heating coagulation and growth of the precipitates 
takes place with preferential formation at the grain 
boundaries, and this is the area which we encoun- 
tered in the preceding study (figs. 12 and 13). 
Fig. 22 shows clearly that at the point where the 
formation of precipitates occurs, the effect of the 
multi-step grain boundaries is eliminated, just as 
the direction of the old boundary is completely 
distorted (50 h. at 200°C.). 

And finally a marked, and very typical example of 
developed precipitation, when a sufficiently long 
time has been given for diffusion and the growth of 
nuclei. This is a coarse nitride, precipitated at the 
boundary after heating for 50 h. at 300°C. (fig. 23). 


Conclusions 

It has been shown that the effect of stepped 
etching of (multi-step) grain boundaries is an 
objective reality, having its origin in the crystallo- 
graphic state of this area. It should be emphasized 
that these boundaries are not, for instance, double 
or triple, as is sometimes stated in the literature; 
they have multiple steps, and the degree and 
manner in which the steps are revealed are depen- 
dent only on the duration of etching. 


It is probable, though there is not yet much 
evidence, that multi-step grain boundaries are tilt 
boundaries, having an angle 4 35°, or twist 
boundaries. It should be emphasized also that 
division of boundaries into high- and low-angle 
boundaries is merely formal, since there is no 
qualitative distinction between them. Basically it 
would be better to classify boundaries without 
regard to the angle of misorientation into tilt and 
twist boundaries. The tilt boundaries can be 
symmetrical and asymmetrical, and regardless of 
the angle of misorientation are built up either from 
a single network, or a combined system, of dis- 
locations. 

The other group of boundaries are twist bounda- 
ries, formed by a complex, combined system of 
dislocations, formed, according to the documented 
material, by a narrow, restricted zone of the order of 
100 A and by a transition zone to the grain proper. 
All these zones have a dislocation character. 


According to the results of the experimental 
tests the model of Mott is improbable, but it is 
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possible that the steps of multi-step grain bounda- 
ries are to some extent a measure of the dislocation 
system, which can be distinguishable only thanks to 
a Cottrell atmosphere composed of interstitial 
atoms. But their concentration is not higher than 
in the actual grains themselves. If precipitation of 
a Cottrell atmosphere takes place, it is not possible 
to observe these dislocations. But it is possible to 
convince oneself of these dislocations, if the early 
stages of the precipitation are investigated, when 
formation of discrete precipitates occurs on these 
steps. Figs. 17-21 are an excellent example of this. 


It must be stressed that this problem is especially 
difficult experimentally, and the results derived 
therefore have only relative value. Progress is 
being made in further stages of the research. This 
work has been made possible as a result of research 
activity at the Welding Research Institute in 
Bratislava. The author wishes to express his 
gratitude to the director of this institute, Acade- 
mician J. Cabelka, for his interest and support in 
the work. Figs. 18 and 19 were produced in 
collaboration with Mr. A. Delong from the Electron 
Optics Laboratory of the Czechoslovak Academy 
of Sciences in Brno. 
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Surface microtopography 

By S. Tolansky. Longmans, Green & Co., London, 1960. 
Pp. 294. £2 15s. net. 

PROFESSOR TOLANSKY has produced a record of fifteen 
years’ work which he has initiated and directed in the 
application of multiple beam interferometry to the study 
of the microtopography of solid surface. Many of the 
methods described have previously been recorded only 
in the theses of his students and by bringing all these 
methods together in one volume, Professor Tolansky will 
doubtless help to overcome what he describes as ‘a real 
failure in some quarters to appreciate all the full power 
and elegance of a correct microtopographic technique.’ 
The method offers three-dimension microscopy at magni- 
fications of up to x 500,000, with simple equipment; for 
instance, crystal lattice spacings of the order of several 
Angstrom units have been recorded. 

The theory of the method is presented with sufficient 
detail to allow a clear appreciation of the techniques 
involved. A wide selection of applications, including 
those dealing with minerals, diamond and plastics, are 
included but of most interest to metallurgists are the 
sections dealing with the slip of aluminium and titanium, 
surface finishing by grinding and machining and cavitation 
in electrodeposition. All the examples discussed are 
illustrated with beautiful interferograms. An interesting 
and reassuring conclusion that arose from studies on 
surface indentation was the verification of the correctness 
of the arbitrary rule that Vickers hardness impressions 
should be spaced by at least 24 times the length of the 
diagonal. It was demonstrated that the distorted region 
does not extend much more than the length of one 
diagonal around the impression. 

The book is interesting, well written and produced, and 
should be valuable to all who are concerned with the form 
of solid surfaces. The volume will encourage many 
other workers to extend the application of this elegant and 
versatile technique. A. D. H. 


Research on the rolling of strip 

British Iron & Steel Research Association. London, 1960. 
* RESEARCH ON THE ROLLING OF STRIP,’ recently published 
by BISRA, is a symposium of selected papers on this 
subject produced between 1948 and 1958. As Professor 
Ford says in his foreword, this period was particularly 
productive of original papers on the mechanics of strip 
rolling; unfortunately these have become rather scattered 
throughout engineering and metallurgical literature. 
Their presentation in this one volume should, therefore, 
be of interest and material help to all those concerned 
with the subject, particularly rolling-mill engineers and 
designers. The gradual development of practical and 
reliable methods of rolling mill calculations from basic 
theory is well illustrated by this symposium. The whole 
subject is one of considerable importance at a time when 
there are rapid developments in rolling-mill design and 
control, stimulated by the increasing demand for high- 
quality steel strip by the consuming industries. 

Seventeen papers are presented, complete with photo- 
graphs, monographs, graphs and tables. There is a 
foreword by Professor Hugh Ford, D.SC.(ENG.), PH.D., 
and an introduction by Mr. W. C. F. Hessenberg, M.a., 
F.1.M. The volume (11 84 in., 216 pp., light card 
covers) is obtainable from the Information Officer, 
BISRA, 11 Park Lane, London, W.1. It is free to BisRA 
members on application by member firms’ official 
representatives; to non-members the price will be £1 1s 
post free. 
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Russian forging journal 
concluded from page 132 


Conclusions are reached on the relative efficiency 
of the systems. 


Vibrational insulation of the forging hammers at 
the Taganrog works. G.1. BEZZUBY. Pp. 26-31. 


Describes three systems of insulation against 
vibrations; the first two are conventional multi- 
spring systems and the third is based on damping 
within the system. For the last, all the basic values 
of the insulation of the bed plate are selected on 
the basis of the condition of equalities of the amount 
of movement of the tup and the amount of the 
movements of the block, of the base together with 
the anvil, and of the column, and also equality of 
the time of their meeting movement from the 
start of the working ke until impact. Practical 
results of the syster evaluated. 


The use of gang 
E. F. BOGDANOV. 


The inhomogen¢ f pressure distribution along 

the length of cran/ t bearings of presses. G. YA. 
ZAIDENBERG. Pp. ), 
The nature of the sure distribution is deter- 
mined by these factors. shaft deformation, bearing 
surface deformation, misalignment of shell insert 
surface due to column deformation, inaccuracy of 
the shape of the insert surface due to wear and 
technological errors, and hydraulic forces and the 
flexibility of the lubricant. The first three factors 
have been examined earlier by the authors, and the 
present work is devoted mainly to a theoretical and 
experimental examination of the other factors. 


ylinders in hydraulic presses. 
1-33. 


Multi-plunger eccentric pumps of the firm Elec- 
traulic. P. N. FROLOV. Pp. 40-41. 


A description of Electraulic pumps manufactured 
by Towler Bros. (Patents) Ltd. 


Design and construction of specialized stamping and 


forging shops (in the light of an article of I. P. 


Pospelov). A. P. GAL’PERT. Pp. 42-43. 
A criticism of the article by Pospelov in Kuz- 


nechno-Shtampovochnoe Proizvodstvo, 1960, No. 2. 

A mechamsm for the withdrawal of stator plate and 
rotor plate blanks from the die zone with subsequent 
stacking. B. V. ROZHITSKII and I. YA. KOGAN. 
Pp. 44-45. 

The use of special tools for the production of heavy 
Pp. 46. 

A mechanism for beading the edges of steel sheet. 
L. §. SAGATELYAN. Pp. 46-47. 
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Performance of forging presses 


H. STERN, B.Sc.(Eng.), A.M.I.Mech.E., 


and Cmdr. J. I. T. GREEN, O.B.E., M.I.Mech.E., M.I.Mar.E., R.N. (ret.) 


Trials on presses with direct, steam-intensifier, and accumulator drive are discussed. 


The steam-intensifier drive is considered obsolescent, and a comparison given of the 
other two types. It is concluded that the full benefits of fast-acting presses can be 
realized only by improvement in mantpulation and the development of position 


control, 


This article, which will be concluded next month, ts based on a paper 


presented at a meeting of the Institutton of Mechanical Engineers in the University, 


Sheffield, last February. 


The authors are with the Plant Engineering and Energy 


Division, British Iron and Steel Research Association, London 


IN 1955 IT WAS DECIDED to carry out investigations 
into forging plant utilization and to consider prob- 
lems concerning the mechanization of forges. This 
was to include the assessment of factors such as 
forge layout, plant performance and manipulator 
design.’ 

A preliminary work study was carried out in a 
2,250-ton press shop concerned mainly with forg- 
ing large marine shafts. This study gave a break- 
down of the utilization of various items of plant in 
the forge over several shifts, without going into 
great detail. 

The next step was to obtain a record of the 
operations of a press on a time scale, showing 
cylinder pressures, and movements of crosshead 
and other details. This was to show the charac- 
teristics of the press and associated handling equip- 
ment for different forging operations. The press 
tested was of the direct-acting type and these tests 
formed the pattern for further investigations.* 

A similar series of tests was then carried out on 
an old 2,000-ton steam-intensifier press. This kind 
of drive is now obsolescent but probably the 
majority of forging presses in Britain are of this 
type, and their performance is an important factor 
in deciding how and when they should be replaced. 
In this case the effect of the elastic stretch of the 
press and the compressibility of the water was 
measured. Particular attention was paid in the 
analysis to rates of penetration throughout the 
forging stroke. The results were presented early 
in 1958.* 

Subsequently, trials were carried out on a new 
1,750-ton accumulator press, to examine the possi- 
bilities of fitting up-to-date position control, thereby 
improving speed of operation, and ensuring accu- 


racy of the product with reduced demands on the 
operator. This investigation was completed late 
in 1958.4 

These trials therefore cover presses of approxi- 
mately similar capacity using the three main kinds 
of press drive in use, namely, the direct-pump drive, 
the steam-intensifier, and the accumulator system. 

The results of tests on the direct-acting press 
were poor and unrepresentative of this kind of 
drive, and advantage has been taken of an offer by 
Towler Bros. to include some of their test results 
on a modern 1,200-ton direct-acting press. Al- 
though this press is smaller than the others, it is 
to some extent comparable to the accumulator press 
working on two cylinders only. 


Basic considerations 

Of the total cost of forging, approximately 50° 
is due to heating the ingot. The best way to reduce 
costs, therefore, is to carry out the greatest possible 
amount of forging during each heat. This means 
speeding up the movements of the press and 
handling equipment, while bearing in mind the 
other basic requirement of reliability. Strain rates 
for forging are very much lower than those common 
in hot rolling, and therefore, with the exception of 
a few very high alloy steels, there is no metallurgical 
reason against the speeding up forging. The prac- 
tical limit to the rate of penetration is in fact set 
by technical and economic considerations. 

Another important factor in the overall] costs of 
forging is the capital cost of the press and its drive, 
which amounts to 15-20 The importance of 
speeding up forging for the lowest capital cost 
therefore. becomes obvious. 

On the other hand, power costs to drive a 
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modern press amount to only about 3°, of the 
total, and this is therefore not a prime factor in 
deciding the type of drive to be used. 


Press hydraulic systems 

Before dealing with the trial results, it is necessary 
to give a brief description of the hydraulic system 
of each press. In the circuit diagrams (figs. 1-4), 
only one main cylinder is shown for the sake of 
simplicity. Likewise, the complex control systems 
have been considerably simplified. The numbers in 
figs. 1-4 refer to the traces shown in figs. 6-9, and 
represent the most important of all the traces 
taken during the trials. Table | shows some design 
particulars of the presses. 

All presses discussed in this paper have provision 
for prefilling. This allows the free approach 
stroke to be done by drawing fluid from a low- 
pressure source. In the case of direct-acting presses 
this gives a faster approach stroke than the pumps 
would allow, while for accumulator presses it saves 
the use of high-pressure fluid thus keeping down 
pump capacities. 

With the exception of the accumulator press, 
there is always pressure in the lifting cylinders 
during the forging stroke, so that the speed of 
reversal at the end of the stroke is only limited by 
the rate of pressure release in the main cylinders 
(decompression). For the accumulator press this 
is only true if prefilling is not used. As the addi- 
tional resistance of the lifting cylinders then has to 
be overcome, there is some reduction in load from 
the rated capacity, as shown in table 1. 

2,250-ton direct-acting press. The system is 
shown in fig. 1, greatly simplified and confined to 
basic essentials. The main cylinders are fed 
directly from the pump, or from the prefill tank 
through valve A. The lifting cylinders are supplied 
from an auxiliary source at constant pressure, the 
bottom of the cylinders being permanently open 
to this pressure and the top being controlled by 
valve B. Penetration is obtained through closing 
the forging valve A which allows the pump to 
build up pressure in the main cylinders. Valve A 
is in effect a bypass back to tank as well as a pre- 
filling valve. 

Reversal is obtained by opening valve A, and 
with valve B connecting the tops of the lifting 
cylinders to exhaust, the pressure under the lifting 
rams provides an immediate lifting force. Thus 
the forging cycle can be carried out simply by 
opening and shutting valve A. 

Fast lowering of the crosshead can be obtained 
by prefilling through valve A, while connecting 
the tops and bottoms of the lifting cylinders through 
valve B. 

If both poppet valves in valve B are closed, 
water is trapped in the upper part of the lifting 
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cylinders, and the crosshead remains stationary. 
The valve linkage ensures that valve A is open for 
this condition. 

2,000-ton steam-intensifier press. The system is 
shown diagrammatically in fig. 2. The main 
cylinders are prefilled from a tank under 60 Ib. 
$q. in. air pressure through a non-return lift valve C. 
Working pressure is applied by the steam intensi- 
fier. Control is by a single lever which actuates all 
the valves through a system of links. 

In the standing position, steam is supplied to 
the bottom of the lifting cylinders only, and water 
is trapped between the main rams and the intensi- 
fier. To lower the crosshead, initial forward 
movement of the forging lever connects the tops 
and bottoms of the lifting cylinders. As the ram 
falls under its own weight, the main cylinders are 
filled through valve C. When contact between 
tool and ingot is made, the forging lever is moved 
farther forward admitting steam to the intensifier, 

utting steam off from the top of the lifting 
ders, by a trip allowing valve B to drop to its 

ial position. On completion of the forging 

the lever is moved back to exhaust the 
intensifier, and the pressure of steam under the 
lifting pistons causes an immediate upward move- 
ment, pushing the intensifier back to the bottom 
of its stroke. This cycle can be repeated without 
prefilling if desired, but if the relative position of 
crosshead and intensifier is to be altered, valve C 
is Opened either automatically or mechanically for 
lowering and raising of the crosshead respectively. 
Mechanical opening is achieved by moving the 
forging lever right back, which also re-engages the 
trip of the lifting-cylinder valve. This allows the 
tops and bottoms of the lifting cylinders to be 








1 2,250-ton direct-acting press 

1, Water pressure to main cylinders. 2, Crosshead movement. 3. Forging 
valve movement. 4, Relief valve operation. 5, Ingot longitudinal move- 
ment 41) Serwo-assisted forging valve B) Lifting cylinder valve 
C) Rehef valve 
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connected when the forging lever is moved forward 
again for lowering. 

Prefilling is only necessary when the total cross- 
head stroke is so large that its volume displacement 
is greater than that of the intensifier ram. The 
full stroke of the intensifier is 78 in., which would 
give a crosshead stroke of 6-7 in. under zero load. 

The valve gear is connected to the intensifier 
ram by a feedback linkage, which progressively 
closes the steam inlet valve as the intensifier rises. 
Hence for a given position of the forging lever, a 
corresponding intensifier stroke will take place. 
This does not amount to position control of the 
crosshead owing to the compressibility of the water 
in the system. The linkage is so shaped as to give 
a rapid cut off of the steam just before the intensi- 
fier reaches its maximum stroke. 

1,750-ton accumulator press. Fig. 3 shows a simp- 
lified circuit diagram. The press uses an air-loaded 
accumulator to supplement the pump during pene- 
tration, which automatically cuts in and out accord- 
ing to the liquid level. 

The control valves are arranged in pairs in valve 
block B. Each pair comprises an inlet and an 
exhaust valve arranged on opposite ends of a rocker. 
The rockers are fixed to a shaft running the length 
of the block, and there is a pair of valves to control 
each function. Rotation of the rocker shaft actuates 
all the necessary valves in the correct order. 

For ease of operation, the control lever does not 
































—, 
\ / as J 
. oa 





2 2,000-ton steam-intensifier press 


1, Water pressure in main cylinders. 2, 
lifting cylinders. 3, Crosshead movement. 4, Forging lever movement 
5, Ingoi longitudinal movement. (A) Intensifier steam valves. (B) Lifting 
cylinder valve with special trip. (C) Non-return lift valve 


Steam pressure in bottom of 








3 1,750-ton accumulator press 


1, Water supply pressure. 2, Water pressure in main cylinders. 3, Water 
pressure in lifting cylinders. 4, Crosshead movement. 5, Valoe rocker 
shaft postion 6, Ingot longitudinal movement A) Onl servo control 


system B) Main valve block C) Prefill valve D 


relief valve 


Weight -loaded 


move the rocker shaft directly, but is coupled to it 
by means of oil hydraulic follow-up servo A, com- 
prising two rams and a valve with a movable sleeve 
for mechanical feedback. 

Two modes of operation have to be distinguished, 
‘normal forging’ using prefilling, and ‘ quick 
forging ’ with no use of prefilling. 

For normal forging during the free approach 
stroke water is drawn into cylinders from a prefill 
tank above the press through the prefill valve C. 
For the forging stroke valve C is closed and accu- 
mulator pressure is admitted to the cylinders. 
For the return stroke the main cylinders are first 
connected to exhaust and then pressure is admitted 
to the lifting cylinders. 

For quick forging the lifting cylinders are con- 
stantly under pressure, and the crosshead moves 
up and down by alternately connecting the main 
cylinders to exhaust and accumulator. 

For the crosshead to be stationary, water is 
trapped in the lifting cylinders for normal forging 
and in the main cylinders for quick forging. 

The change from normal forging to quick forging 
is accomplished by disconnecting the valves con- 
trolling the prefill valve and lifting cylinders from 
the main rocker shaft. 

The press has three main cylinders. The two 
outer cylinders are operated by one pair of control 
valves, and the centre cylinder by another pair. If 
operation on all three cylinders is not required, one 
or the other inlet valve can be rendered inoperative 
to give operation on two or one cylinder only. 
Each cylinder has its own prefill valve which 
allows idle cylinders to draw water during the 
down stroke. 

This press is similar in principle to the steam. 
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intensifier press, inasmuch as the rate of penetra- 
tion is not directly governed by pump output and 
can vary between wide limits according to the 
resistance of the work. 

1,200-ton direct-acting press. This has a more 
complicated circuit than any of the other presses 
discussed, because of many refinements incor- 
porated in its control. Fig. 4 shows a very much 
simplified diagram of the circuit, confined to its 
fundamental components. 

During the downward stroke, the return and 
main cylinders are interconnected through the 
approach control valve C. The crosshead falls 
under the action of gravity, its speed being con- 
trolled by a restriction in valve C, and oil is drawn 
into the main cylinder from the tank through the 
prefill and exhaust valve D. The free approach is 
therefore much faster than the pumps alone would 
allow. As soon as the top tool contacts the work, 
the pumps delivering into the main cylinder build 
up pressure and cause the prefill valve to shut 
automatically and forging takes place. 

For the return stroke, the return cylinders are 
disconnected from the main cylinder, and the 
pressure from the control pumps is applied to the 
operating piston of the prefill and exhaust valve. 
The valve opens, and, as soon as decompression is 
completed, the pressure trapped in the return 
cylinders during the forging stroke ensures an 
immediate start of the return stroke. During the 
return stroke, the control pumps deliver to the 
return cylinders, while the output of the direct 
pumps passes back to tank via valve D. 

In the neutral position the crosshead is held up 
by oil trapped in the return cylinders, while both 
sets of pumps are unloaded by valves F, and E£,,. 

Fig. 4 shows that the valves C, D, and E are 
operated by the combination of the hand-operated 
pilot valve A, and the directional control valve B. 
Pilot valve A has three basic positions, forge, 
neutral, and return. Valve B is of the two-position 
pilot-operated type. Pilot pressure is permanently 


connected to the small end of the spindle of 


valve B, and, when valve A is in the return position, 
is also connected to the large end of this spindle. 
With the hand-operated pilot valve A in the return 
position, valve B assumes the position where it 
cuts off pilot pressure from valve C, and at the 
same time connects the operating piston of the 
prefill and exhaust valve D to the control-pump 
pressure. In the alternative position, with valve A 
in the neutral or forge positions, the connection to 
valve C is restored, but as in the neutral position 
of valve A no pilot oil is supplied to valve B, 
valve C only opens in the forge position. In the 
forge and return positions valve A also supplies 
pilot oil to valves FE to load the pumps. 

A special fourth position of valve A, known as 
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free to move, 
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free time depx 
plant. 

Idle contact ime is the time between the instant 
of contact of the top tool with the ingot and the 
moment when penetration starts. This is the time 
required to build up sufficient pressure to start 
the penetration, and, where prefilling is used, 
includes the time lost in changing from prefilling 
to forging. 

Idle contact time arises mainly on presses 
operating with prefilling. To change from pre- 
filling to the power stroke usually requires some 
action on the part of the operator, and the idle 
contact time therefore largely depends on him. 
There are designs giving automatic change from 
prefilling to forging for direct-acting presses,’ and 
in this case prefilling is accomplished without 
appreciable idle contact time. 

Penetration time does not always start at contact, 
or even at the beginning of pressure build-up. 
For practical purposes the end of penctration 
coincides with the beginning of decompression. 
The average rates of penetration quoted in this 
paper are based on the definition of penetration time 
shown in fig. 5, which excludes idle contact time. 
This is at variance with some previous reports 
and papers. 

Return time is the time from the beginning of 


the forging cycle must be 
5 shows the nomenclature 
many of the points referred 
if the trial results. A full set 
given in the appendix. 
time, or the time the ingot is 
the time available to manipulate 
en strokes. The minimum ingot 
on the capabilities of the handling 
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decompression to the instant when the tool clears 
the indentation in the ingot. 

The penetration and return times are governed 
by the performance of the press, although they can 
again be adversely influenced by poor operation. 
On many older presses the valve gear requires 
considerable effort to operate and it is thus often 
indirectly responsible for poor operation, through 
operator fatigue. 

Taking the cycle as a whole, it may be regarded 
as divided into ingot free time, as defined earlier, 
and forging time which includes the idle contact, 
penetration and return times. The penetration per 
second of forging time forms a measure of the 
effectiveness of the press and its operator. 


Technique of tests 

Simultaneous traces of many pressures and 
movements were required. For this purpose a 
12-channel recorder has proved most useful. This 
recorder uses photographic paper, 6 in. wide, on 
which spots of light are shone by mirrors mounted 
on 12 galvanometers. As the moving coils of the 
galvanometers deflect, so the spot of light produces 
a trace on the paper, which is itself driven at a 


suitable governed speed. The particular merit of 


this arrangement is that a permanent record is 
obtained on which the traces can cross each other, 
and therefore any of several traces can take up the 
full width of the paper. 

All pressures were measured by strain-gauge 
bridge transducers of the barrel type. These 
proved satisfactory, except for temperature drift in 
the case of the lower rated transducers. 

Movements were nearly always measured by 
some potentiometer device. Rotary wire-wound 
potentiometers with a very small dead zone were 
preferred, but in other cases some ingenuity had 
to be exercised to find a suitable method. In 
some trials a micro-switch engaging with a toothed, 
spring-loaded, rotating disc was used for recording 


the longitudinal movement of the ingot. The disc 
was geared to a spring-loaded drum in turn con- 
nected by a cord to porter bar or manipulator. 

It was not found possible to record tool move- 
ment by direct measurement. Movement of the 
crosshead extremity relative to the base includes 
the effects of elastic deformation, and account has 
been taken of this, where it is important. 

A tape recorder was included in the communi- 
cations system linking the operators of the recording 
equipment, and a running commentary on the 
forging operation was recorded. 


Results of performance trials 

Table 2 shows extracts from the trial results 
arranged in three load groups. Comparable con- 
ditions for penetration, bite, etc., were selected as 
far as possible. The cycles tabulated have been 
chosen from the best results obtained, so as to 
reduce the effect of the operator and give a truer 
picture of the capabilities of the press. One poorer 
cycle has been included for comparison purposes. 

The three cycles in the 1,500-ton load group are 
illustrated in figs. 6, 7, and 8. Fig. 9 shows a 
forging cycle for the accumulator press operating 
on two cylinders only, while fig. 10 shows a cycle 
on the 1,200-ton direct-acting press. 

As the actual records show numerous traces and 
are difficult to follow, only the most essential traces 
have been reproduced in the illustrations. 

2,250-ton direct-acting press. The most striking 
feature of the results on this press are the unex- 
pectedly low rates of penetration. From the figures 
quoted in table 1, assuming a 3-in. penetration 
and a volumetric efficiency of the pump of 90°,,, 
rates of penetration of about 1-1 and 1:4 in. sec. 
at full load and half-full load respectively might 
be expected. 

If allowance for the compressibility of water 
and the elastic deformation of the press is made, 
almost exactly the same volume of water displaced 











Taste ! Particulars of forging presses tested 
Date . of Max Max 
ot main Working working load 
Descripuon of press installa linders fluid pressure without 
non Ib. sq. in. prefilling 
tons* 
2,2%0-ton, direct 
acting 1942 2 Water 6,000 2,250 
1,200-ton, direct 
acting 1956 l Ou 700 200 
2.000-ton, stearn 
intensifier 1918 2 Water 5,600 2,000 
1,750-ton, accumu 
lator 1957 3 Water 4,30 1,400 
1,600 
depend 
ing on a 
cumula 
tor leve 
*With prefilling, maximum loads are as in first column TAr 
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at the pump is required for the penetration in each 
of the three examples in table 2. The penetration 
times should therefore be nearly the same, that is, 
about 2-4 sec. according to the data in table |. 
The fact that penetration times are much longer 
than this although there was no appreciable drop 
in pump speed during the penctration, indicates 
serious leakage, which becomes progressively more 
important as the load rises. 

The relief valve in the system lifted at every 
stroke, and a micro-switch fitted to this valve con- 
firmed that it lifted prematurely at a relatively low 
pressure. It is the adjustment and condition of 
this, and possibly other valves, that must be held 
responsible for the considerable loss of water on 
this press. 

The 1,565-ton stroke is illustrated in fig. 6, and 
it will be seen that the relief valve starts to lift at 
about 1,300 Ib. sq. in. Other points to be noted in 
fig. 6 are the very rapid decompression, and the 
comparatively slow lifting and approach speeds. 

The free-approach speed, when about 300 Ib. 
sq. in. is required to overcome the resistance of 
the lifting cylinders, is only 1-8 in. sec., which 
indicates leakage in the circuit or a pump volu- 
metric efficiency of only 85°,, at light load. A 
faster lowering speed of about 9-5 in. sec. can be 
obtained by using prefilling, but this is only used 
for long idle downward movements of the cross- 
head, as some idle contact time will be introduced 
while the operator changes the controls from the 
prefill to the forge position. The free-approach 
speed is not very important, as the time of the free 
approach is usefully absorbed into the ingot free 
time with the present practice of stopping the 
ingot movement by the descent of the top tool. 

This practice results in great variations in bite. 
Flat 16-in. wide tools were used throughout the 
trial, and it was quite common to find that the bite 
varied between 3 and 15 in. during the same pass. 


tCrosshead assumed t 
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With this press, the ingots were manipulated by 
means of a porter bar and burden chain. The usual 
practice of the team was to incline the burden 
chain during the penetration, so that the ingot 
would start to move immediately it was cleared by 
the top tool. As the top tool also usually terminated 
the movement of the ingot, the ingot free time 
usually represented the time spent on manipulation. 
Phis averaged about 25",, of the cycle time for 
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cogging operations, and 60 for planishing. 
Although planishing strokes of | in. penetration 
were only done at the rate of 20 min., an improve- 
ment in press performance would therefore have 
only little effect on the rate of planishing. 

The bite recorder was attached to part of the 
burden chain, and it is the movement of the crane 
during the return time that is responsible for the 
two pips from the micro-switch before the ingot is 
free. This seems to happen consistently in every 
cycle, and therefore the number of pips preceding 
each penetration can still be assumed to give a fair 
indication of the bite. 

2,000-1on steam-intensifier press. A high rate of 
penetration might be expected from this press, as 
it is not limited by pump output. It would seem 
that maximum water pressure should be available 
during practically the whole penetration to over- 
come the resistance of the ingot and to force the 
water through the pipeline from the intensifier to 
the cylinders. In practice, however, the rate of 
build-up of pressure is only moderate, as a con- 
siderable volume of steam has to be admitted to 
the intensifier. Further, because of the action of 
the feedback linkage a progressive movement of the 
forging lever during the penetration is required to 
keep the steam inlet valve fully open. This lever 
requires appreciable effort to move, and this, 
together with the fear of overshooting the mark, is 
responsible for the movement often being relatively 
slow with consequent unwanted throttling at the 
steam inlet valve. Some such throttling through 
the action of the feedback linkage inevitably takes 
place during the latter part of a heavy penetration, 
as even with the forging lever in the extreme 
forward position progressive throttling takes place 
during the second half of the intensifier stroke. 

This effect is illustrated in fig. 7, which shows 
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the 1,530-ton stroke in table 2. There the whole 
stroke of the intensifier is used, as can be seen by 
the partial decompression at the end of the stroke 
due to the roller carried by the intensifier ram 
hitting the kink in the bar of the feedback linkage. 

The effect of moving large volumes of steam is 
even more marked during decompression. During 
the power stroke there is some appreciable pressure 
difference between steam main and intensifier to 
promote the flow of steam until the press approaches 
stalling point. This is not the case during the 
latter part of decompression, when the difference 
between intensifier pressure and atmospheric ex- 
haust is small. The steam expands in the intensi- 
fier as steam is released through the exhaust valve, 
and a considerable volume has to be passed by this 
valve before the pressure in the intensifier has 
dropped low enough to enable the crosshead to rise. 

Reference to fig. 7 shows that the initial part of 
the decompressicn is quite rapid, but that the latter 
part is quite slow, in marked contrast to the other 
presses discussed in this paper. 

The only other important delay due to the valve 
gear is caused by the unnecessarily small lifting- 
cylinder valve. Only the pressure trace for the 
bottom of the lifting cylinders is shown in fig. 7, 
but this does indicate how slow the pressures in 
the top and bottom of the lifting cylinders are to 
equalize when valve B is in the prefilling position. 
In fig. 7 the operator evidently intended to use 
prefilling for the free approach, but the pressure 
in the bottom of the lifting cylinders did not fall 
sufficiently rapidly. As the forging lever was 
sufficiently far forward to open the steam valve of 
the intensifier, the free-approach stroke was carried 
out by the intensifier instead. Usually there is a 
delay of about | sec. between the forging lever 
reaching the position for prefilling and the descent 
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at the pump is required for the penetration in each 
of the three examples in table 2. The penetration 
tumes should therefore be nearly the same, that is, 
about 2-4 sec. according to the data in table |. 
The fact that penetration times are much longer 
than this although there was no appreciable drop 
in pump speed during the penetration, indicates 
serious leakage, which becomes progressively more 
important as the load rises. 

The relief valve in the system lifted at every 
stroke, and a micro-switch fitted to this valve con- 
firmed that it lifted prematurely at a relatively low 
pressure. It is the adjustment and condition of 
this, and possibly other valves, that must be held 
responsible for the considerable loss of water on 
this press. 

The 1,565-ton stroke is illustrated in fig. 6, and 
it will be seen that the relief valve starts to lift at 
about 1,300 Ib. sq. in. Other points to be noted in 
fig. 6 are the very rapid decompression, and the 
comparatively slow lifting and approach speeds. 

The free-approach speed, when about 300 Ib. 
Sq. in. is required to overcome the resistance of 
the lifting cylinders, is only 1-8 in. sec., which 
indicates leakage in the circuit or a pump volu- 
metric efficiency of only 85°,, at light load. A 
faster lowering speed of about 9-5 in. sec. can be 
obtained by using prefilling, but this is only used 
for long idle downward movements of the cross- 
head, as some idle contact time will be introduced 
while the operator changes the controls from the 
prefill to the forge position. The free-approach 
speed is not very important, as the time of the free 
approach is usefully absorbed into the ingot free 
time with the present practice of stopping the 
ingot movement by the descent of the top tool. 

This practice results in great variations in bite. 
Flat 16-in. wide tools were used throughout the 
trial, and it was quite common to find that the bite 
varied between 3 and 15 in. during the same pass. 
TABLE |! 


Particulars of forging presses tested 


Date No. of Max Max 
of main Working, working load 
Description of press installa- cylinders fluid pressure,| withou 
tion Ib. sq. in. prefillir 
tons* 
2,250-ton, direct- wil 
acting 1942 2 Water 6,000 2,250 
200-ton, direct me ‘ 
acting 1956 1 Ou 5.700 1,200 
2,000-ton, steam- : F ‘ 
intensifier 1918 2 Water 5,600 00K 
750-ton, accumu- 
lator 1957 3 Water 4,300 1,400 
1,600 
depend 
ing on a 
cumuila 


tor leve 


*With prefilling, maximum loads are as in first_ column 
tCrosshead assumed t 
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With this press, the ingots were manipulated by 
means of a porter bar and burden chain. The usual 
practice of the team was to incline the burden 
chain during the penetration, so that the ingot 
would start to move immediately it was cleared by 
the top tool. As the top tool also usually terminated 
the movement of the ingot, the ingot free time 
usually represented the time spent on manipulation. 
This averaged about 25°,, of the cycle time for 
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cogging operations, and 60°,, for planishing. 
Although planishing strokes of | in. penetration 
were only done at the rate of 20 min., an improve- 
ment in press performance would therefore have 
only little effect on the rate of planishing. 

The bite recorder was attached to part of the 
burden chain, and it is the movement of the crane 
during the return time that is responsible for the 
two pips from the micro-switch before the ingot is 
free. This seems to happen consistently in every 
cycle, and therefore the number of pips preceding 
each penetration can still be assumed to give a fair 
indication of the bite. 

2,000-ron steam-intensifier press. 
penetration might be expected from this press, as 
it is not limited by pump output. It would seem 
that maximum water pressure should be available 
during practically the whole penetration to over- 
come the resistance of the ingot and to force the 
water through the pipeline from the intensifier to 
the cylinders. 
build-up of pressure is only moderate, as a con- 
siderable volume of steam has to be admitted to 
the intensifier. 
the feedback linkage a progressive movement of the 
forging lever during the penetration is required to 
keep the steam inlet valve fully open. This lever 
requires appreciable effort to move, and this, 
together with the fear of overshooting the mark, is 
responsible for the movement often being relatively 
slow with consequent unwanted throttling at the 
steam inlet valve. Some such throttling through 
the action of the feedback linkage inevitably takes 
place during the latter part of a heavy penetration, 
as even with the forging lever in the extreme 
forward position progressive throttling takes place 
during the second half of the intensifier stroke. 

This effect is illustrated in fig. 7, which shows 
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the 1,530-ton stroke in table 2. There the whole 
stroke of the intensifier is used, as can be seen by 
the partial decompression at the end of the stroke 
due to the roller carried by the intensifier ram 
hitting the kink in the bar of the feedback linkage. 

The effect of moving large volumes of steam is 
even more marked during decompression. During 
the power stroke there is some appreciable pressure 
difference between steam main and intensifier to 
promote the flow of steam until the press approaches 
stalling point. This is not the case during the 
latter part of decompression, when the difference 
between intensifier pressure and atmospheric ex- 
haust is small. The steam expands in the intensi- 
fier as steam is released through the exhaust valve, 
and a considerable volume has to be passed by this 
valve before the pressure in the intensifier has 
dropped low enough to enable the crosshead to rise. 

Reference to fig. 7 shows that the initial part of 
the decompressicn is quite rapid, but that the latter 
part is quite slow, in marked contrast to the other 
presses discussed in this paper. 

The only other important delay due to the valve 
gear is caused by the unnecessarily small lifting- 
cylinder valve. Only the pressure trace for the 
bottom of the lifting cylinders is shown in fig. 7, 
but this does indicate how slow the pressures in 
the top and bottom of the lifting cylinders are to 
equalize when valve B is in the prefilling position. 
Ia fig. 7 the operator evidently intended to use 
prefilling for the free approach, but the pressure 
in the bottom of the lifting cylinders did not fall 
sufficiently rapidly. As the forging lever was 
sufficiently far forward to open the steam valve of 
the intensifier, the free-approach stroke was carried 
out by the intensifier instead. Usually there is a 
delay of about | sec. between the forging lever 
reaching the position for prefilling and the descent 
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7 1,530-ton cycle steam-intensifier press 

1, Pressure in main cylinder: 2, Pressure : 
bottom of lifting cylinders. 3, Crosshead movement 

@ 4, Forging lever. 5, Bite. (a) Tops and bottoms of 
lifting cylinders start to communicate (trip engaged 

@ b) Intenstfier steam valve starts to open (intensifier 
at bottom of stroke Linkage starts to open 
prefill valve 
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Taste 2 Extracts from trial result 


Rates of penetration 


in. sec 
Method Bite, Penetra- ————- ——— 

Description of Load i tion, 

of press manipu- tons* in.* Maxi Aver 

latior mum Final age 

2,250-ton Porter 1,880 (1,555) 14 2:8(2°9) 065 05 06 
direct bar 

acting 
2,000-ton Porter 1,910 (1,850) 14 3°1(3°0) 2:0 05 0.95 
steam bar 

intensiner 
2,250-ton Porter 1,565 (1,535) 12 3°3(3°5) 0-9 0°75 0.85 
direct bar 

acting 
2,000-tor Porter 1,530 (1,330) 12 3°5(3°4) 16 03 O8 
stearr bar 

ntensifier 

1,750-ton Mani 1,535 (1.230) 12 2°9(2°6) 1°6 { 
accumula pulator 

tor (using 

3 ¢ 
2,250 : Porter 1,160 (1,184 3-5 (2:9 1-5 0-9 
direct bar 

acting 

1,200-ton, Mani 1,010 8 32 1-8 1-8 
direct pulator 

acting 
2,000-tor Porter 1,100 (915) 12 3-5(3-2) 2:9 

steam bar 

intensificr 


1,750-tor Mani 1,020 (1,055) 11 4°6(4°4) 4:8 





920 1K 12 36°35 4 8 
or 
895 (910) 13 3:2(3-5) 5 
r 
vlinders 
* Figure 


of the crosshead starting due to the pressur 
bottom of the lifting cylinders falling su! 
for prefilling to take place. By anticipatior 
part of the operator this delay can at 
partly absorbed into the manipulation time 

By having a trace for the intensifier strok: 
shown in fig. 7) recorded simultaneously with the 
crosshead movement, the effect of the compressi 
bility and the elastic deformation of the press was 
checked. The values for these given in table 
are therefore based on experimental results for this 
press, while the corresponding figures for the othe: 
presses are estimates. For a penetration going up 
to maximum load and using the whole of the 
intensifier stroke, and with the crosshead at about 
mid-position, about one-third of the intensifier 
stroke is used in making up compressibility and 
elastic deformation. 

Lifting and lowering of the crosshead generally 
takes place at speeds of about 4-5 in. sec. 

Manipulation was again by porter bar and burden 
chain, employing the usual techniques. For the 
better operating team the ingot free time averaged 
15-30°., of the time taken over a pass, when 
cogging. These figures are roughly in line with the 
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Forging time Pene- 
ro tration 
-Ingot Idle Pene- R Cycle per sec Tem- 
free con- tra- , mi time of Description pera- 
time, tact tion —— ec.° torging of ingot ture 
sec. time, time yoo time, « 
sec sec ° In. sec 
7) 28 06 4-8 0.9 9 1 9.5 0-45 Carbon stee! 60 — 
in. OCT 
.5) 3-6 1-2 33 24 10°5(17°3) 0-45 Nonm-magnetic 1,080 
steel 33° Coin 
OcT 
) 3 3-9 1 4 66 66) 0-62 Carbon steel 45 —_ 
in. OCT 
+9 » (4-9 8 12:°5(10°0) 0°46 2 chromium- 990 
molybdenum 
steel 28 in 
OCT 
8 7-4 (8 4) 0-59 24°, chromium- 1,04 
molybdenum- 
vanadium- 
wolfram steel! 
33 in. OCT 
3 1-0 63 (5-7) 0-88 Carbon steel 50 1,12 
in. OCT 
85 0-23 315 1:49 Carbon stee — 
2-7 1-8 7°0 (64 0-70 Low chromium 1,180 
stee! 33 
ocT 
7 13 10 6-3 (7-7 1°53 Carbon low nic- 1,030 
kel - chromiur 
steel 33 Soin 
OcT 
$6 O8S 1-3 1+ 6-7 (7°5 1-16 Carbon low nic- 1,040 
kel - chromium 
steel 33 in 
OcT 
6-i 14°32 is O09 1 7°35) 0-82 Carbon low nic- 1,050 


kel - chromium 
steel 33)Cin 
OcT 


results on the 2,250-ton direct-acting press. Indi- 
vidual cycles are often worse than this and it 
should be remembered that the results in table 2 
have been selected to show press performance and 
not necessarily good manipulation. 

to be continued 


Unusual coil annealing furnaces 
A BATTERY of four unusual coil annealing furnaces which 
use an oil-fired radiant-tube heating system, has been 
ordered by James Booth Aluminium Ltd. from AEI- 
Birlec Ltd. The equipment, costing well over £100,000, 
incorporates a number of features which are expected to 
have a significant influence on European aluminium mill 
practice 

It will be installed in their Argyle Street Works, 
Birmingham, as part of James Booth’s £5 million re- 
equipment and expansion programme which is scheduled 
for completion next year 

Each of the four furnaces has a usable chamber 6 ft 
high, and measuring 20 by 14 ft., which will take a 
32-ton charge of coiled aluminium strip. Heating is by 
batteries of temperature-controlled, oil-fired, radiant 
heating tubes, over which the furnace atmosphere is 
circulated at exceptionally high speeds by eight powerful 
motor-driven fans. The charge is also cooled in the 
furnace, at a controlled rate, before being discharged. 
An electrically-driven charging machine loads and un- 
loads the four furnace chambers 
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Metallurgy in nuclear power technology 


7. Effects of irradiation on non-fissile metals 


J. C. WRIGHT, B.Sc., Ph.D., A.L.M. 


The metallurgy of nuclear power materials is developing on such a wide front and 
so rapidly that it is difficult for the non-specialist metallurgist to keep abreast with 


its scope. 


Dr. Wright, Reader in Industrial Metallurgy, College of Advanced 


Technology, Birmingham, outlines the subject in a series of articles which are 
appearing monthly in this journal 


continued from last month 


MUCH OF WHAT has been said earlier about the 
radiation damage of fissile materials applies to non- 
fissile materials also. In general, radiation damage 
will be caused by neutrons rather than fission 
fragments in non-fissile metals, because of the 
longer mean free path of neutrons. Fission frag- 
ments, having a short mean free path, are more 
likely to be responsible for damage near where the 
fragments are created—in fact, within the fuel 
element itself. The general level of irradiation 
damage in non-fissile materials may be considerably 
less than in fissile materials, but nevertheless the 
effects are important, particularly from a long-term 
point of view. 

The damage to non-fissile materials under 
neutron irradiation is associated with fast neutrons 
knocking atoms out of their normal lattice positions 
to leave a vacancy. These primary knock-ons then 
collide with other atoms, producing secondary 
knock-ons which finish -in an interstitial position 
and release considerable energy as heat. The 
release of energy may allow dislocations to overcome 
obstacles, move and regroup themselves, thus 
allowing local or extended deformation. The 
point defects themselves may be absorbed preferen- 
tially on dislocations of a certain vector type or on 
certain parts of grain boundaries, so changing the 
grain shape in a preferred way. The temperature 
effects may result in a redistribution of alloying 
elements and impurities or result in phase changes 
at temperatures not normal for the particular phase 
changes under irradiation-free conditions. The 
thermal spikes will lead to local temperature 
gradients and internal straining. Slow neutrons may 
be responsible for transmutation effects by neutron 


capture and radioactive decay, thus radically 
altering the impurity level of the original material. 

The various manifestations of these internal 
alterations must be well studied before long-term 
reliance can be placed on much of the structural 
engineering data for reactor construction. 

It is difficult to compare experimental data from 
specimens irradiated in different reactors, or indeed 
in different positions in the same reactor. The 
variations in conditions of irradiation are (1 
temperature of specimens, (2) the neutron flux, 
(3) the type of neutrons (z.e. fast or slow) and (4 
ume of exposure. The intensity of neutron bom- 
bardment is measured in terms of the neutron flux, 
which is the number of neutrons passing through 
unit area in unit time. The flux varies from one 
reactor to another and also from one position to 
another in a given reactor, but is usually of the 
order of 10 cm.* sec. Thus, in one year, 3-15 

10’ sec., the integrated flux would be 3-17 « 10°” 
neutrons cm.*. It is still necessary to specify the 
type of flux, fast or slow, and the temperature of 
irradiation before results can be compared. 


Hardening 

Most metals become hardened by irradiation and 
the hardening may persist after the metal has been 
heated to temperatures at which most of the 
irradiation damage, as shown by other properties, 
has been annealed out. Radiation effects reach 
a saturation limit for hardness, but generally at a 
level below that accomplished by age or work 
hardening. The magnitude of the changes in 
properties depends in part upon the initial structural 
condition of the material. The percentage change 
is greater for materials in the soft or fully annealed 
condition compared with the cold-worked or age- 
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39 Stress strain curve for copper at room temperature. A, 
before, B, after 5 x 10 t. irradiation 
hardened condition. This is illustrated by the 


results quoted in Table 19 for annealed and 96 

cold-worked zirconium. Many of the properties 
of metals which are changed by irradiation can be 
Hardness change 


TABLE 19 im zircomum on irradiation 


Hardness DPN 
Total fast flux, —— 


Condition n.v.t Before After 
irradiation irradiation 

Annealed Zr 3-5 10'" 95 108 

7:0 10°" 95 115 

6”, C.W.Zr 3-5 10" 179 182 

0 10'* 179 187 


restored by annealing and it is not surprising, 
therefore, that materials irradiated at elevated 
temperatures exhibit less damage than when 
irradiated at normal or sub-normal temperatures. 
Irreversible damage, such as accumulation of 
fission products in fuel metals, creation of new 
elements, physical cracking or dimensional changes 
are not affected by annealing. 

Experiments on radiation hardening of steel by 
thermal neutrons show that the hardening is caused 
essentially by an increase in “ frictional ” resistance 
in the slip planes, such as would be produced by 
dispersed islands of radiation damage.  I[nter- 
stitials condensing to form platelets or dislocations 
to form loops are examples of defect clusters and 
both types have been observed in electron micro- 
scope studies of irradiated material. Radiation- 
created point defects could also migrate to and 
lock dislocations, thus raising the stress required to 
start dislocation movement and hence deformation. 


Stress strain relationship 

The general effect is that irradiation ra)ses the 
elastic limit, or yield point considerably, produces 
a smaller increase in ultimate tensile strength and 
a decrease in elongation to fracture. As a general 
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example of the effect of irradiation, stress strain 
curves for polycrystalline copper at room tem- 
perature are shown in Fig. 39. A yield point has 
been introduced by the irradiation, and the elonga- 
to fracture is reduced. The effect of previous 
work on the irradiation hardening of copper 
liustrated in fig. 40. Previous tensile deformation 
liminished the increase in yield stress upon sub- 
‘nt irradiation. Both examples are taken from 

vork by Makin.* 
lensile data fer zirconmum quoted in Table 20 
how clearly the increase in proof stress and an 
indefinite change in tensile strength with increasing 
irradiation. It should be noted that after large 
doses the rate of increase in these properties falls. 
Irradiation of a variety of annealed aluminium 


TasLe 20 Tensile data for irradiated zircomum 


U.T.S 
ton sq. in 


Proof 
stress, ton sq. in 


Integrated 0-2 
fast flux, n.v.t 


0 7-60 17-65 
8 10'* 9-85 18:15 
2:5 107" 10.50 17-80 


alloys has shown a more marked increase in yield 
strength with increasing irradiation than the increase 
in tensile strength. The yield strength and tensile 
strength of hardened aluminium alloys are increased 
in approximately equal proportions. 

In work on polycrystalline iron a high irradiation 
dose of 3-6 10'* n. cm.” fast flux caused an 
increase in the yield stress from 16,800—40,700 
Ib. sq.in. and the U.T.S. from 34,400—40,700 
lb. sq. in., while the total and uniform clongations 
were reduced from 59°5-29°5°, and 42-11%, 
respectively.f 


*M. J. Makin, Bulletin Inst 


tR. G. Berggren and J. ¢ 
CL-56.11.1, January, 1957 


Metals, 1955-56, 3, 101 


Wilson, O.R.N.L. Report 
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Embrittlement 

Neutron irradiation may increase the tendency 
of a metal to fail with a brittle fracture. Such loss 
of ductility can be serious, particularly, for instance, 
in the design of reactor pressure vessels. The 
embrittlement effect is most easily studied by 
measuring the effect of irradiation on the transition 
temperature of the metal, above which it will be 
ductile and, below, brittle. In general, the effect 
of irradiation is to raise the transition temperature, 
thus giving a specimen a greater chance to fail by 
brittle fracture. 

As an example of the embrittlement effect on 
a normalized ferritic steel, the curves shown in 
in fig. 41 follow the results of work by Wilson and 
Billington. With increasing degrees of irradiation 
the transition temperature is raised and the energy 
required to produce a ductile fracture is decreased. 
Fine-grain steels appear to be less sensitive than 
coarse-grain steels to irradiation. At temperatures 
of the order of 300 C., irradiation produces less 
deterioration in impact properties than at 100 C., 
although irradiation effects at the higher tempera- 
tures are not negligible. The limited work on the 


effect of irradiation on the impact transition of 


alloy steels has suggested that appreciable increases 
in the transition temperatures are still observed. 
Stainless steels do not exhibit ductile-brittle 
transitions and no transition is created by irradiation. 

The fact that radiation damage is accumulated 
more slowly as the irradiation temperature is raised 
is beneficial since steel components in a reactor or 
the reactor shell will be at least above room tem- 
perature. The trend towards even higher tem- 
peratures in reactor working will extend the safety 
margin. As a further safeguard, it is usual to use 
steels which normally have a low transition tem- 
perature, so that when the transition temperature 
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41 Effect of irradiation on the impact resistance 
normalized ferritic steel 


1961 155 


metal treatment 
and Drop Forging 


is raised by irradiation it will still be below the 
working temperature of the steel. If the service 
temperature of the steel is above 400 C. it ts not 
likely that the rate of accumulation of radiation 
damage will be a significant consideration in the 
selection of the steel; properties such as creep 
strength and scaling resistance will be more impor- 
tant. At low working temperatures, a fine-grain 
steel would be preferable to a coarse-grain steel 
because of its superior resistance to radiation 
damage (see Table 21). 

Materials other than steel can be embrittled by 
irradiation. Bruch, McHugh and Hockenbury 
observed that a neutron irradiation between 1-9 
and 5:9 107° n.v.t. raised the ductile-brittle 
transition temperature of molybdenum from -30 C. 
to +70 C. and hence the material was completely 
brittle at room temperature. Although not dealt 
with in this section, uranium also becomes 
embrittled by irradiation. 


Creep characteristics 

Most determinations of creep strength charac- 
teristics have shown little effect of irradiation. 
Experiments have shown cither no change or a 
slight decrease in creep strength after irradiation. 
However, the long-term creep resistance of high- 
temperature alloys working near their upper limits 
of creep conditions have yet to be fully determined 
under strong irradiation Several such alloys 
depend on the stability of fine precipitates for 
their continued creep resistance. Knowing that 
thermal spikes can alter radically the characteristics 
of such precipitates, it is probable that creep 
strength will deteriorate in the long term. 

There is some evidence to suggest that the 
effect of neutron irradiation is to increase the 
creep rate above a certain temperature and to 
decrease it below this temperature. For instance, 
Wilson and Billington have reported an increased 
creep rate in an austenitic steel at 650°C. under 
irradiation, but at the same stress at 815°C. there 
was a slight decrease in creep rate. A niobium 
stainless steel has also been reported to show the 
reverse effect; above 760 C., an increased creep 
rate and decreased rate below 760 C. 


Miscellaneous effects 

The damping capacity of a metal is reduced 
after irradiation as the material becomes more 
elastic. Electrical resistivity increases on irradiation 
because of the disorder of an irradiated lattice 
which is capable of scattering electron waves. On 
annealing, normal resistivity returns. The normal 
order-disorder transformations in alloys exhibiting 
extended super-lattice formation are upset by 
irradiation. Order-disorder changes of systems 
such as Cu,Au, Ni,Mn and CuZn proceed to 











metal treatment 

















, 156 april, 1961 
and Drop Forging Pp 
TABLE 21 Irradiation damage to fine- and coarse-grained A.S.T.M. A106 steel 
R. Smailman, Iron & Steel, 1959, 32, (5), 176 
Yield stress, ih @ ® Uniform Total 
Condition 10° Ib. sq. in 10° lb. sq. in. elongation, elongation, Other details 
Unirradiated, norma- Tested at R.T., strain 
lized, 925 C. for 1 h. 47-3 73-6 24-5 34-0 rate 0-05 min. Fine- 
— grain size, A.S.T.M. 
Irradiated at 95 C No. 7 
max.) to 107° n. cm.’ 96-5 102-0 4°5 11-5 
Unirradiated . “3 47-3 83-0 19-0 29-0 Tested at R.T., strain 
— — rate 0-05 min. Coarse- 
Irradiated at 95 C grain size, A.S.T.M 
max.) to 10®° n. cm.* _ 116-0 121-0 1-5 6°5 _!| No.2 


disorder as a result of bombardment if ordered 
initially, provided the specimens are maintained at 
sufficiently low temperatures during bombardment. 
However, the rate of ordering at a given tem- 
perature can be increased if the material is irradiated. 
It has been concluded that the higher density of 
lattice defects in an irradiated specimen enhances 
self-diffusion. 

Alloys depending on age-hardening properties 
can be markedly affected by irradiation. Normally 
such alloys are solution-treated and quenched, 
followed by ageing naturally at room temperature 
or artificially at a somewhat higher temperature. 
In effect, solution treatment allows the matrix to 
absorb in solid solution a maximum amount of 
would-be precipitate. On quenching, the pre- 
cipitate is held in super-saturated solution. Age'ng 
allows the super-saturated solid solution to approach 
equilibrium by tending to precipitate the second 
phase in a very fine form. In some alloys, the 
would-be precipitate does not break its coherency 
with the parent lattice, but under controlled 
conditions coherent and non-coherent precipitates 
promote useful strengthening and hardening. By 
holding the super-saturated solution at sub-zero 
temperatures the ageing effect can be held back for 
very long periods and even indefinitely. Neutron 
iradiation will promote ageing under such low 
temperature conditions. 

Ar normal ageing temperatures irradiat’on should 
accelerate ageing and, of more importance to its 
applications, an aged component may well become 
over-aged during service at temperatures when 't 
would normally be stable. In general, its properties 
would then deteriorate. The accelerating effect of 
irradiation is presumably due to localized dissipation 
of energy, after neutron coil‘sions, being equivalent 
to a general rise in temperature. This influences 
a process such as age-hardening which is dependent 
on small-scale diffusion of atoms. 


Transmutation effects 
Transmutation effects may occur when atoms 
capture neutrons, usually slow neutrons, in almost 


any part of the reactor, to give new atoms of 
different elements after radioactive decay. 
Fortunately, in most metallurgical applications, the 
build up of impurities is so slow that not much 
difference is noticed in relation to the impurity 
content of the original material. If impurities 
generated in this way are appreciable, however, 
their effects will be noticeable in super-purity 
materials. In any material, the most important 
effects will be noticed when the new element is 
insoluble in the parent lattice. Embrittlement may 
then occur, particularly if the impurity has a 
tendency to segregate to grain boundaries. 

In the same way as in fissile metals, some gases 
may form in structural materials and, as these gases 
are more likely to aggregate and form gas pockets 
rather than diffuse to an absolutely free surface, 
the metal swells. As an example, helium is often 
formed during irradiation of light elements with 
neutrons, as in °Li + n—» ‘He « 3H, “Be + n — 
‘He + 2n,'"B + n-—-*He + ‘Li. If the strength 
of the matrix is increased or its temperature 
decreased it may be possible to contain the gases 
under greater pressure and reduce swelling, but 
there is, of course, a limit as to how low the tem- 
perature of the material can be kept. Again, hard 
materials will crack without distortion if the gas 
pressures involved are high enough. 

One aspect of transmutation effects may have an 
especially significant importance. If an alloy is 
dependent on a particular element for its properties 
and that element has a high neutron-capture 
cross-section it may become significantly depleted 
due to transmutation effects. The properties of 
the alloy would presumably alter during the period 
of irradiation due to the loss of the particular 
alloying element. This is likely to be a very 
long-term effect. 

Another important factor to be considered in 
specifying materials for applications which involve 
irradiation is that many elements become radio- 
active due to irradiation. In some cases the 
resultant radioactivity is negligible or short lived, 

continued on page 164 
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Effect of carbide stringers on the distortion 
of die steels during heat treatment 


K. SACHS, Px.D., M.Sc., A.1.M. 


The causes and mechanism of distortion of die steels during heat treatment, the 
influence of the structure of the steel and in particular the part played by carbide 


stringers, are studied. 


The author is Head of Research Metallurgy Section, 


G.K.N. Group Research Laboratory, Wolverhampton, and his article, appearing 
monthly in ‘ Metal Treatment’ since last October, ts concluded in this issue 


continued from last month 


Effect of different forging methods 

IT HAS BEEN SHOWN that die steels of a composition 
specially balanced to ensure minimum volume 
changes during heat treatment still suffer distortion 
even when every care is taken. It has also been 
seen that this cannot be overcome by martempering 
or by homogenizing the steel. The irreducible 
distortion is due to differences in the particle size 
and directional alignment of the carbides at different 
depths below the surface of the forged bar from 
which the specimens—and in practice the dies—are 
cut. The structure of the forged billet, particularly 
the carbide distribution, depends on the cast 
structure of the original ingot and is considerably 
modified by forging. 

In general, forging refines the structure, breaks 
down the dendritic structure, and aids homogeni- 
zation. When a second phase is embedded in the 
matrix it is drawn out into longitudinal stringers, 
ductile phases are deformed into longitudinal 
bands, brittle particles are broken up and drawn 
out into longitudinal chains. 

Heavier forging naturally has more effect on the 
structure. The effect of different degrees and 
various methods of forging on the carbide structure 
has been studied by metallographic surveys and the 
influence of these structural modifications on the 
distortion has been investigated with the aid of the 
distortion test already described. Some attention 
was paid to the effect of different degrees of hot 
work, 1t.e. of different amounts of gross deformation 
of the ingot; the bulk of the work, however, was 
concerned with variations in forging practice. In 
the good old days it was generally assumed that 
hammer forging worked the surface of the steel 


most heavily and left the centre relatively unde- 
formed. This has since been shown to be unfounded 
—the penetration of deformation into the depth of 
the bar depends primarily on the ratio of the width 
of the forging tools to the height of the stock 
between the tools,” the narrower the tools the more 
heavily will the central zones be worked. 

In the ingot the carbides will be finest near the 
surface where cooling is most rapid and very coarse 
in the centre where the last liquid to solidify 
naturally accumulates and where cooling is much 
slower. Since distortion is largely due to differences 
in carbide structure, it can be counteracted most 
effectively by forging techniques which make the 
structure more uniform; this implies working the 
centre rather than the surface so that the coarser 
carbides are broken up to the size of the finer ones. 

The ideal programme for a forging investigation 
would be to start with ingots of varying sizes and 
forge them down to a standard square bar suitable 
for distortion tests, using wide and narrow tools. 
Unfortunately, such a programme turned out to be 
impracticable. Most steelmakers make die steels in 
rather small ingots and there is not much point in 
comparing 5 in. sq. ingots with 6 in. sq. ones. 
Changing tools in the forge is a time-consuming 
operation and interferes with the flow of production. 
Thus the examination of the effect of varying 
amounts of hot work was confined to one billet 
which was forged several times to reach the same 
size by upsetting and then forging sideways; and 
two distortion test pieces cut from a flat bar that 
had been forged from a 24-in. ingot by a Swedish 
steelmaker. The study of the effect of tool width 
has not so far been carried out and still remains 
to be done by an investigator with a well-equipped 
forge at his disposal. 
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35 AMetallographic survey of billet ADW 


It was possible, however, to carry out a syste- 
matic study of the influence of forging under 
hammers of various sizes and under a press, starting 
with similar ingots, 5-in. sq., and finishing with 
2}-in. sq. bar, suitable for distortion tests. This 
work would not have been possible without the 
co-operation of the forging personnel concerned and 
their willingness to put up with the inconvenience 
inevitably involved in trying to fit experiments 
into a production programme. 

A micrographic survey half-way across a typical 
ingot (ADW;; cf. forged bar in fig. 33) is shown in 
fig. 35. Over most of the cross-section the carbide 
particle size is fairly uniform but near the surface 
it falls off sharply. The apparent violent fluctuations 


in the size of the dendritic network are a measure of 


the variability of the readings rather than indications 
of genuine changes in structure from place to 
place. Nevertheless, there is no mistaking the 
pronounced coarsening from the surface towards 
the centre. Evidently, the first dendrites to solidify 
near the surface were relatively fine, and as the 
columnar grains grew inwards the dendritic struc- 
ture became progressively coarser. The size of the 
network levels off about 24 mm. from the surface— 
much farther in than the point at which the carbide 
particle size levels off—and the abrupt change 
probably coincides with the boundary between 
columnar and coarse equiaxed grains. 

The survey across a billet forged from the above 
ingot on a 600-ton press is illustrated in fig. 33, and 
that for a similar billet from another ingot, forged on 
a 34-ton hammer, is shown in fig. 36. The latter is 
fairly representative of other hammer-forged billets'* 
and indeed there is little difference in structure 
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36 rraphic survey of billee ADX (B), forged on a 
33-t0n hammer 
between bars forged on various hammers and the 
press. Comparison of fig. 35 with the surveys 
across forged billets shows that forging has had no 


effect at all on the particle size of the coarse carbides 
in the centre of the section. The carbides at the 
surface, however, have been broken up to a some- 
what smaller size. 


It is of special interest that the outer zone in 
which particle size of the carbide gradually 
increases is 12 mm. in the billets as well as the 
ingot. Since the transverse linear dimensions have 


been halved in forging, a 12 mm. zone in the ingot 
should only be 6 mm. wide in the forged bar. 
Either the bulk of the deformation has occurred in 
the centre, or the refinement of the carbides has 
penetrated some way inward and some of the 
coarser carbides near the edge of the central zone 
have been broken up. 

In contrast to the individual carbide particles, the 
dendrite network has been considerably refined in 
the centre but left substantially unaffected near the 
surface. Clearly, the dendrites in the central 
equiaxed zone have been drawn out appreciably in 
the forging direction, so that in the cross-section 
the network of interdendritic carbide eutectic looks 
much finer. Evidently, the centre of the section has 
been hot worked quite effectively. The interden- 
dritic network is still coarser in the centre than at 
the surface, and the zone in which it changes 
gradually has diminished in width from 24 mm. in 
the ingot to 12-16 mm. in the forged bar, corre- 
sponding roughly to the change in shape produced 
by the forging operation. There is a slight tendency 
for the size of the dendrites in the press-forged 
billet ADW (B) (fig. 33) to diminish towards a 
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37 Metallographic survey of billet AFQ, upset to a square 
plate and forged sideways 


shallow minimum at the centre-line of the section, 
suggesting a further accentuation of the preferential 
deformation of the central zones in press forging 
This observation is confirmed by the macro-struc- 
tures in figs. 38 and 39 discussed below. 

Distortion tests on the forged bars are summarized 
in Table 14. In an attempt to express the outstand- 
ing variable of the carbide distribution in different 
billets, including some not illustrated in this paper, 
the width of the central zone of coarse dendrites has 
been recorded. The arithmetic mean of the distor- 
tion figures for the three specimens A, B, and ( 
is also included in the table, as an instantaneous 
indication of the distortion behaviour. The general 
characteristics of the distortion test are confirmed. 
Specimen B is taken from the central zone and 
generally has a uniform structure across the section, 
so that its distortion depends mainly on geometrical 
factors and is relatively low—exceptions are 
associated with asymmetry of the segregate or very 
coarse. carbides near the change of section.’* 
Similarly, specimens A and C have an abrupt 
change in carbide structure near the plane dividing 
the inner and outer layers and distort as a result of 
differences in anisotropy of expansion characteristics 
of these layers—the distortion is generally fairly 
severe and specimens A and C distort roughly 
equal amounts in opposite directions, except where 
the change in the mesh size of the interdendritic 
network is more abrupt on one side than the 
other.'* 

The slight differences in asymmetry lead to 
variations in the distortion behaviour of individual 
specimens which tend to mask the effect of hammer 
rating or press forging. The mean distortion index 
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suggests a slight tendency for distortion to get worse 
the heavier the hammer and to be most severe in 
the press-forged billets. Certainly it is in these 
billets only that the central specimen B shows 
appreciable distortion without marked asymmetry 
on the disposition of the coarse macro-segregate.'* 
Distortion is associated with the directional align- 
ment of the carbide and is more severe the coarser 
the carbide particles.'® Forging is bound to accen- 
tuate the drawing out of the carbides into long 
stringers and this is hardly likely to counteract 
distortion. Refinement of the carbides, however, 
should reduce distortion and might compensate for 
the longitudinal alignment. In fact, forging has been 
shown not to break up coarse carbides but merely 
to rearrange them in longitudinal chains and it is 
not surprising therefore that the distortion behaviour 
has deteriorated. 


Effect of heavier deformation in forging 

In the systematic forging experiments the amount 
of deformation was kept constant and forging was 
carried out on different hammers and a press. The 
effect of heavier forging could not be investigated so 
easily, although it was obviously worth finding out 
whether severe deformation could break up coarse 
carbides and continue the progressive refinement of 
the interdendritic network in the central zone of 
the billet until the structure was fairly uniform 
across the section and, of course, how such a 
uniform structure would affect distortion. 

The difficulty was that the ingot size was limited 
by steelmaking practice and forging down to smaller 
bars would mean that the distortion tests were not 
strictly comparable. This was overcome to some 
extent by imposing some gratuitous forging on a 
billet that was already forged down to the correct 
size. A length of 8 in. was taken from a 2}-in. sq. 
bar that had been forged on a 2}-ton hammer; this 
was upset on a 3}-ton hammer to a plate 2}-in. 
thick, turned on its side and forged down to an 8-in. 
length of 2}-in. sq. bar, with its longitudinal axis at 
right angles to that of the original billet. The 
amount of deformation was considerably greater 
than on the other bars used in these experiments 
and the change in direction meant that the direc- 
tional alignment of the carbides was likely to be less 
pronounced than in material forged ‘straight’ to 
an equivalent extent. 

The metallographic survey, illustrated in fig. 37, 
shows no reduction in the particle size of the 
chromium carbide in the centre. At the surface the 
carbides are only a little finer than in the rest of the 
cross-section; the difference is much less than in 
other billets. A possible reason is that the elaborate 
sequence of —e and lateral forging has 
brought some of the coarse carbides from the centre 
of the section to the surface. The interdendritic 
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AFQ Billet Hammer 3 2 2 l peet t 
ADB (B slab, 
thick, 
forged 
ways 
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network is similar in size to that of other forg: 
bars near the centre line, but a little further out t 
structure is somewhat finer. Nevertheless, there 
still a fairly sharp transition from a very fine surf 
structure to the network of intermediate mesh 
further in; the transition is more abrupt on one 
than the other and this may be responsible for 
fact that distortion of specimen C is twice that 
specimen A (Table 14). The rather high distort 
of specimen B may be due to the slight gradiec 
dendritic cell size from the intermediate one 
coarse mesh near the centre-line. 

The general level of distortion is roughly eg 
lent to that of bars forged on small hammers. || 
the upsetting seems to have produced a struct 
which is less susceptible to distortion than t! 
forged on heavy hammers or on the press. How 
it must be pointed out that the piece used for 
setting was cut from billet ADB (B) which sho 
anomalously low distortion. 
the original billet and the upset and reforged 
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ggests a deterioration in distortion behaviour. In 

case, while this forging technique may give 
tter results than some others, there is no out- 
tanding improvement over simple forging on a 
ton hammer. 

Another indication of the effect of very severe 
ieformation is afforded by some distortion speci- 
nens cut from a flat bar of high carbon-high 
hromium die steel made by a Swedish steelmaker. 
Chis was forged from a 24-in. sq. ingot on a very 
arge press and had very pronounced carbide 
tringers. The carbides were very uniform in size 
Sut not appreciably smaller than those in bars 
The only forged bar 
ivailable (2 in. = 1 in.) was smaller than the 
villets used for the standard distortion test. Two 
listortion specimens were cut from the bar; the 
lane separating the thick and thin portions was 
yarallel to the carbides in one specimen and normal 

them in the others—they correspond approxi- 
nately to specimens C and D in the normal test. 


pecimen 
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The results were + 7-5 and 2-5 respectively. 
Evidently very severe forging has led to compara- 
tively low distortion values, but there is no signifi- 
cant improvement over hammer forging. 


Effect of cast structure 

The experiments with different forging methods 
indicated that changes in the size and interdendritic 
arrangement of the carbides within a single dis- 
tortion specimen lead to severe distortion, while 
the uniform structure in the centre of the billet 
(specimen B) is much more favourable. Forging 
on heavier hammers and on press deforms the 
material in this location more heavily, giving a more 
pronounced alignment of the carbides in stringers. 
The general increase in distortion of type B speci- 
mens in Table 14 with increase in rating of the 
hammer or press suggests that where the structure 
is uniform across the specimen (this does not 
apply to specimen B from every bar) accentuation 
of the stringer structure makes distortion more 
severe. The macro-structure at the change in 
section of specimen B from billet ADX (A), which 
had been forged on a 3}-ton hammer, is shown in 
fig. 38. The dendrites are shown very clearly; they 
show a preference for a longitudinal alignment 
(horizontal in the micrograph), but many are still 
quite steeply inclined to the axis. In the corre- 
sponding specimen from a billet forged on a 600- 
ton press, shown in fig. 39, the longitudinal align- 
ment is much more pronounced; inclined dendrites 
have been tilted more closely to the longitudinal 
axis and transverse ones have been broken up. This 
accentuation of the longitudinal alignment is 
accompanied by a deterioration of distortion index 
from + 2-5 to 13-0. The latter value seems rather 
high and may be influenced by a change in carbide 
structure not apparent in fig. 39. However, there is 
little doubt that the directionality of the structure 
has a real effect on the structure. This is also shown 
by the value of + 7-5 for the distortion of the very 
heavily forged Swedish steel, where the structure 
is uniform across the specimen but where the 
stringer alignment is extreme. 


TABLE 15 Distortion behaviour of cast test pieces 
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The evidence that a severely directional structure 
favours distortion suggests that a random alignment 
of the dendrites might inhibit it. The orientation of 
the dendrites is more likely to be random the less 
forging has been carried out. The closest approach 
to random dendrites is obviously in cast structures. 
Modern techniques of precision casting are being 
applied to the manufacture of tools and dies to an 
increasing extent,” and the distortion behaviour of 
cast specimens was obviously of practical as well as 
theoretical interest. 

A number of distortion test pieces were cast in 
C, 12}°,, Cr steel, using the Shaw moulding 
process. Radiographically sound specimens were 
ground on the measured flats, oil-hardened from 
960 C., and the distortion was assessed in the usual 
way. Some of the specimens were later cut up for 
metallographic examination and all of them were 
completely sound throughout the section. The size 
of the carbide particles was within the usual range 
found in forged bars and there was no systematic 
variation across the section. The dendrite cells 
were equiaxed and therefore appeared to be finer 
than the drawn-out network in the forged bars, but 
the measured parameter was similar to the shortest 
dimension of the network in the middle of the 
forged billets. The distortion figures are collected 
in Table 15 and are generally somewhat lower than 
those for forged specimens; there are some anoma- 
lously high figures and a few values similar to the 
general level in Table 14, but distortion indices 
lower than 5 or 6, while not numerous enough to be 
fully representative, occur often enough to affect 
the average. 


2 


10 
5 0 


Possible practical measures for minimizing 
distortion 

It has been shown that the most severe distortion 
occurs in specimens where a change of carbide 
distribution occurs, particularly if it coincides with 
a change in section. This is clearly indicated by the 
difference between specimens A and C on the one 
hand and specimen B on the other; it is confirmed 
by the occasional high value of specimen B in 
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billets where the coarse segregate is not quite 
central. Table 14 shows that modifications of forg- 
ing technique have little influence on this aspect of 
the structure. The very heavily forged Swedish 
steel, however, had good uniformity of structure 
across the section and its distortion index (+ 7-5) 
is considerably below the level of corresponding 
specimens with some variation in carbide structure 
(roughly type C) in more conventionally forged 
billets. 

These experimental observations suggest that 
distortion can be reduced by extremely heavy 
forging. The use of very large ingots and heavy 
presses is evidently beneficial from the point cf view 
of reducing distortion. Although the advantage 
gained is obviously not enough to justify the 
expense of the radical change in steelmaking 
practice involved, where these changes have to te 
carried out for other reasons, improved distortion 
behaviour can be regarded as a bonus. 

A possible approach is to increase the amount of 
forging by upsetting suitable length of ingots or 
billets of more conventional size; in any case, it 
seems sound advice to machine components from 
the smallest possible forged bar. With components 
that are particularly sensitive to distortion, owing 
to complex geometry, high cost, difficulty of 
correcting by grinding, etc., it may be advisable 
to examine the macro-structure of suitable forged 
bar, and so arrange the machining that the com- 
ponent is located in a zone of uniform structure and 
any unavoidable changes in structure do not coincide 
with changes in cross-section. This obviously 
imposes further work and responsibility on the tool 
room and is only justified when it is necessary to 
get the last ounce of dimensional stability from a 
‘non-distorting’ steel. 

The linear appearance of carbide stringers in 
the micro-structure may disguise the fact that 
points of equal strain tend to form planes parallel 
to the die face. The interdendritic eutectic of the 
cast structure is compressed into planes parallel to 
the surface. In practice the billets are turned 
through 90° during forging and two sets of planes 
at right angles are formed; near the centre of the 
section mutual interference presumably disturbs 
these planes, but near the outer surfaces the 
carbides are arranged in flat sheets. The density of 
particles is greater parallel to the direction of 
fotging than across, and in the micro-section the 
carbides appear to be arranged in lines rather than 
planes. 

The significance of the compression into planes, 
from the point of view of distortion, is revealed 
when specimens are taken from the forged bars 
in such a way that the planes of carbides are normal 
to the measuring faces and to the plane on which 
the change of section occurs, t.e. parallel to the 
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elevation or cross-section illustrated in fig. 27. Some 
results on such specimens, type D, are reported in 
Table 14. 

The corresponding specimens from the same 
billets, cut in such a way that the planes of carbides 
are parallel to the plane of bending, specimens A 
and C, show considerably more distortion. This 
may be partly due to the fact that there is a change in 
structure coinciding with the change of section in 
specimens A and C, but at right angles to the 
change of section in specimens of type D. However, 
even in the Swedish steel, where extremely heavy 
forging has produced a uniform, but sharply 
directional, carbide structure, the distortion of 
specimen D is much less severe than that of speci- 
men C. Thus, where distortion is primarily due to 
directionality of the carbides, it can be greatly 
reduced by cutting the component in such a way 
that the plane of bending due to geometrical 
factors is normal to the plane of the carbides. 

The part played by directionality of the carbides, 
as distinct from differences in structure across the 
section of the specimen, is illustrated by the effect 
of forging with heavier hammers or a press on 
specimens from the centre (type B) of those billets 
where asymmetry of the segregate did not contribute 
substantially to the distortion, z.e. billets AAK and 
ADX, in Table |4. It is underlined by a comparison 
of the figures for these specimens with the distortion 
of specimen C from the Swedish steel, where 
exceptional directionality of the carbides has been 
produced by very heavy forging. The value of 
7-5 is considerably greater than the distortion of 
specimens B in billets AAK and ADX. 

In the manufacture of tocls and dies, distortion 
can be kept to a minimum by selecting the position 
of the component in the forged bar with considerable 
care. Directions and dimensions which are espec- 
ially sensitive to distortion should be normal to the 
direction of the carbides as far as possible. Dis- 
tortion due to carbide directionality, changes in 
cross-section, and changes in structure over the 
section should be arranged to balance each other 
and should not be allowed to accumulate. This 
requires careful selection of the forged bar and 
location of the component within it. 

Tool and die makers regard distortion as a steel 
problem. They have their work cut out to machine 
the die to the desired form with the accuracy 
required. When dimensional accuracy, and even 
the precise shape, of the die is lost in heat treatment 
it is attributed to shortcomings of the steel. They 
have become reconciled to frequent annealing, and 
to the use of complex heat treatments involving 
salt or lead baths and elaborate time cycles. These 
techniques, together with rigorous supervision of 
hardening furnaces, quenching jigs, handling tools 
and procedures, have reduced the level of distortion 
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and the incidence of scrap due to distortion. 

However, not all these methods are successful 
every time—it has been shown with the aid of a 
special distortion test, that there are circumstances 
when no special benefit is derived from martem- 
pering. Occasionally, dies still have to be scrapped 
due to distortion in heat treatment after expensive 
machining operations have been completed, and 
it is natural to look for remedies. In such a context, 
it is cold comfort for the toolmaker to be told that 
each die must be considered separately, that the 
structure of the steel from which it is to be cut 
must be examined, and the die must be correctly 
located in the steel. Nevertheless, this approach is 
probably the simplest one; it offers some hope that 
scrap can be significantly reduced and plenty of 
scope for the ingenuity of the toolmaker. 

Another approach that is worth careful con- 
sideration is the casting of dies. Here, as in the case 
of heavy forging from large ingots, distortion is 
likely to be a secondary consideration. The first 
question that arises is whether the mechanical 
properties of cast dies are adequate for the service 
required from them. As far as hardness is con- 
cerned, there is no reason to expect cast steels to 
differ from forged steels of the same composition. 
Tensile strength is another matter, and there is no 
doubt that forgings are both stronger and more 
ductile than castings, at least parallel to the prin- 
cipal direction of working. However, tensile 
strength as such is not really required in dies, nor 
is it necessarily the best indication of the somewhat 
indefinable qualities that are desirable in practice. 

Impact strength is a matter of controversy. 
Castings in general have a bad name, but this is 
probably due mainly to circumstances which no 
longer apply under modern conditions. The main 
reason why some castings crack under impact loads 
is that they are defective. Forging might tend to 
weld up some internal defects, and would certainly 
draw them out longitudinally so that they are less 
localized and perhaps less dangerous ; most import- 
ant, forging would crack severely defective steel 
before it has a chance to crack in service. 

Casting techniques have improved sufficiently in 
recent years to make it possible to have some 
confidence in the reproducibility of soundness in 
castings, once design and foundry procedure have 
been established. These improvements are due 
largely to increased instrumentation, supervision of 
practical variables, and quality control, in con- 
sequence of which the danger of defects is greatly 
reduced. Moreover, radiographic inspection and 
other methods of non-destructive testing have been 
improved in scope and reliability so that any 
defects that do occur can be detected, and forging 
is no longer required as an acceptance test for 
castings. 
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Another advantage claimed for forging is that it 
breaks up coarse carbides, segregates, and networks, 
which may cause the cast structure to be brittle. As 
regards individual carbide particles, the microscope 
surveys reported in earlier sections indicate that 
they are not affected by forging. The interden- 
dritic network is drawn out longitudinally and so 
are patches of segregate. On the other hand, the 
molten steel cools more quickly in relatively small 
castings than in ingot moulds, so that coarse 
segregates are less likely to form. The real test is 
practical experience—in many applications, cast 
tools are operating successfully and brittle failure is 
a rare occurrence. The field of application seems to 
be widening but each case is best judged on its 
merits. 

Much the same considerations apply to the even 
more difficult question of die wear. It is difficult 
to predict whether a cast die will have as long a 
service life as a forged one. It is claimed that the 
cast skin is particularly resistant to wear, but this 
may not be very relevant to high-precision dies 
where some machining is unavoidable. In some 
applications cast dies have given better lives than 
those machined from forged blocks, but this needs 
to be confirmed empirically for each individual case. 

Even if cast dies are practicable in any particular 
application—that is, they do not crack and give a 
reasonable production run—the question of cost 
has to be considered. Modern methods of precision 
casting can make dies nearly to size, requiring 
grinding only—perhaps only final grinding after 
heat treatment. This saves a great deal of machin- 
ing and represents an economy of skilled labour and, 
of course, metal. However, each separate die must 
have its own feeder head; the proportion of cir- 
culating scrap in the form of gates and feeders 
greatly exceeds the proportion of the ingot that is 
cut up and may well be more than the amount of 
metal removed in machining the die from a forged 
block. Similarly, the saving in labour on machining 
must be balanced against the cost of patternmaking 
and foundry work. Thus the question of costs is 
bound to be an extremely complicated one, depend- 
ing on the scale on which casting operations are 
carried out, the overheads involved, the capital 
investment required—one important factor would 
obviously be the number of applications in which 
cast tools and dies can be employed successfully. 

Only when the questions of properties and costs 
are settled, does the possibility of reducing distor- 
tion arise. It seems likely on the basis of the 
results of the distortion test, that the random 
alignment of the dendrites in a small casting would 
tend to reduce the incidence of distortion. Where 
the use of cast dies is practicable and economic, 
reduced distortion may be an added advantage, but 
it is doubtful whether the balance of costs is ever so 
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marginal that the lower incidence of distortion 
would ectually up it in favour of cast dies. 
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Waverley Gold Medal Essay Competition 
Research is this year sponsoring the Waverley Gold 
Medal Essay Competition for the ninth year in succession. 

The Waverley Gold Medal, named after and bearing 
the coat of arms of the late Lord Waverley, together 
with £100, will be awarded for the best essay of about 
3,000 words describing a new project or practical develop- 
ment in pure or applied science, giving an outline of the 
scientific background, the experimental basis and the 
potential or actual application of the idea to industry or 
their importance to society. The essays will be judged 
for technical content by specialists in the subject, for 
clarity of presentation and for style. The entry should 
be written as an essay which should interest a well- 
informed layman. In assessing these essays particular 
attention will therefore be paid (a) to the logical presenta- 
tion, (6) to the style and (c) adherence to these terms of 
reference 

A second prize of £50 will be awarded and also a special 
prize of £50 for the best entry from a competitor under 
the age of 30 on July 31, 1961. Entry forms can be 
obtained from the editor of Research, 88 Kingsway, 
W.C.2. The last date of entry is July 31, 1961. 


neutron absorbents have therefore been considered. 
The melting points of aluminium and magnesium 
are not sufficiently high for high-temperature 
reactor working. Titanium is attractive on account 
of its good strength-to-weight ratio but is expensive. 
The most popular material used for the matrix so 
far is stainless steel. 
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Metallurgy in nuclear power 
technology 


continued from page 156 


but on the other hand some materials give rise to 
dangerous amounts of radioactivity. One example 
is cobalt, which might be found in alloy steels and 
in a number of nickel alloys. After neutron 
irradiation, cobalt-59 becomes cobalt-60 which is 
intensely radioactive and has a half-life of over five 
years. 


Damage to control rods 

Control rods are inserted into a reactor when 
required to cut down activity, by absorbing neutrons 
in excess of those required to keep the chain reaction 
going. They also act as a safety device to shut 
down the reactor when necessary. -Control rods 
are made, therefore, from high neutron-capture 
cross-section materials. Inevitably, the control 
material is prone to damage by neutron irradiation, 
particularly over its surface. The fact that the 
surface readily absorbs neutrons implies that the 
interior will be less affected by neutrons as only 
a few will get very far past the surface layer. 
Since the surface is vulnerable, control material 
should be canned to avoid premature disruption. 

The failure of control rods can be due to one or 
more of several causes; vacancy interstitial produc- 
tion, helium gas bursting, surface disintegration 
and spalling, or gradual depletion of strength 
generally. To take some of the damage concen- 
tration off the surface, it is possible to disperse the 
control material in a matrix which itself resists 
damage. Boron carbide is a possible material for 
this application. Pure boron can be used as 
a control material, but at higher temperatures of 
reactor operation helium gas swelling occurs. 

Cadmium is less critical than boron in that it 
does not form helium gas, but is less suitable for 
high-temperature applications in another respect 
because of its high vapour pressure and low boiling 
point. Other possible control materials are hafnium, 
samarium, europium and silver, but they are very 
expensive. Hafnium is particularly attractive, but 
it is extremely expensive, even though it is a 
by-product in the production of reactor-grade 
zirconium. 

An accurate assessment of the damage likely to 
occur in control rods in a reactor is very useful to 
the design engineer. Without such information 
control rods must be made perhaps unnecessarily 
strong and heavy. Considerable advantages accrue 
if light control rods can be used. The decreased 
weight requires smaller-drive motors, lighter cables 
and low standing electrical power requirements. 
Light metal matrices carrying a dispersion of 














april, 1961 165 


NEWS 


Annealing and decarburizing furnaces for R.T.B. 


Tue GENERAL ELectrRic Co. Ltp. has supplied to Richard 
Thomas & Baldwins Ltd. a number of electric furnaces 
for the processing of Alphasil. This is a silicon steel of 
the grain-orientated type used in the construction of 
cores for transformers and reactors. The furnaces are 
installed in the Cookley Works of the company at Brierley 
Hill, near Birmingham, and comprise a continuous-strip 
decarburizing furnace, a continuous-strip inter-annealing 
furnace, and a number of bell-type furnaces for high- 
temperature annealing. 

Including the cooling chambers the decarburizing 
furnace is nearly 400 ft. long and is believed to be the 
longest of its type in Europe. It is of the roller-hearth 
type and receives steel strip up to 32 in. wide. Having 
a maximum electrical rating of 1,700 kW. it operates 
with a controlled atmosphere The inter-annealing 
furnace is of similar design to this furnace but its 
maximum electrical rating is 2,000 kW. 


Computers and creep 

The Iron and Steel Institute’s annual general meeting is 
to be held in London on May 3 and 4, 1961. There will be 
technical sessions devoted to the use of computers in the 
iron and steel industry and to the Brymbo oxygen steel- 
making process. At the same time, a joint symposium 
with the Institute of Metals on structural processes in 
creep will be held. 

Sir Charles Goodeve, 0.B.E., F.R.S. (director, British 
Iron and Steel Research Association), will take office as 
president of the Institute at the meeting. He will deliver 
his presidential address on the morning of Wednesday, 
May 3, and will take the chair at the annual dinner for 
members, to be held at Grosvenor House, Park Lane, 
that evening. 

The formal business and the sessions on computers 
which will be under the aegis of the British Conference 
on Automation and Computation) and oxygen steelmaking 
will take place at the Institution of Mechanical Engineers, 
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Birdcage Walk, London, S.W.1. The joint symposium on 
creep will be held at the Hoare Memorial Hall, Church 
House, London, S.W.1. 


Stainless Steel Exhibition for London 
The biggest display of British stainless steel products is 
on show to the public at the Mayfairia Rooms, Marble 
Arch, London, W.1, until May 4. The exhibition was 
opened on March 8 by Mr. Paul Reilly, director of the 
Council of. Industrial Design 

Actual exhibits, displays and photographs highlight the 
largest-scale technical advances made by the stainless 
steel industry during the last few years. Among the 
items featured are the use of stainless steel for building 
and architecture, motor car trim, domestic ware of all 
kinds, aircraft and accessories, catering equipment, gar- 
dening tools, brewery and dairy equipment, sports gear, 
surgical instruments and nuclear installations 

The exhibition is sponsored by the Stainless Steel 
Manufacturers’ Association of Great Britain and over 
200 fabricating and manufacturing companies have lent 
products for display in the design, fabrication and appli- 
cation of stainless steel. Admission to the exhibition is 
free and times of opening are 10.30 a.m. to 6 p.m 


Standards engineers’ conference 
The seventh annual conference of engineers and others 
concerned with the application of standards is being held 
this year on May 9 and 10, and will be opened by Lord 
Hailsham, Minister for Science 

The first day of the conference will consist of plenary 
sessions at the Connaught Rooms, London, when Sir 
Stanley Harley (Coventry Gauge and Tool Co. Ltd.) will 
take the chair. After the formal opening by Lord Hail- 
sham, a contribution on the trades union viewpoint on 
industrial standards will be given by Mr. G. Doughty 
of the Association of Engineering and Shipbuilding 
Draughtsmen. Papers will also be given on * An inte- 
grated standards programme in the company ’ (Mr. F. E 


Sheffield forging for Moscow 
AT THE British Trade Fair to be held 
in Moscow this summer, one of the 
largest exhibits will be sent from 
Sheffield Thos. Firth & Fohn 
Brown Ltd. are providing a large 
forged steel back-up roll, weighing 
some 30 tons, to be shown on the 
stand of the British Iron & Steel 
Federation. 

A further interesting contribution 
which the company is making will be 
the showing of two films, both with 
commentaries in Russian—one fea- 
turing the manufacture and uses of 
their extensive range of forged steel 
rolls for all types of mills, in use in 
over 20 countries. The other film 
covers a tour of the company’s main 
Atlas Works in Sheffield, depicting 
their manufacturing facilities ranging 
from special steels and tool steels in 
bar form to heavy forgings for power 
generation. Also featured are the 
foundries at Scunthorpe and the 
works of their subsidiary, the Firth- 
Derihon Stampings Ltd. 
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Butcher, of Joseph Lucas Ltd.), ‘ Standards in product 
development’ (electronics) (Mr. D. F. Egan, of Mullard 
Ltd.), and ‘ Standards in market research and sales’ 
(speaker to be announced). 

The second day’s programme, to be held at British 
Standards House, will consist of three parallel sessions 
in the morning and three in the afternoon, to discuss in 
smaller groups various topics. 


Speed-up in spring production 
A new technique in heating spring steel is helping to 
speed production of springs for locomotives and heavy 
transport vehicles at Thomas Turton & Sons, Sheffield. 

Symmetrical ‘nesting’ of individual leaves which make 
up a complete spring unit, depends on a locating ‘nib’ 
formed in the centre of each leaf. Before the ‘nibs’ are 
formed on a hydraulic press, the leaves are heated by 
specially adapted oxy-fuel gas nozzles supplied by British 
Oxygen Gases Ltd. The advantage of this new method, 
compared with the old air-blown forge technique, is 
that the treatment is localized to the centre portions of the 
leaves. This means that the area of metal affected by the 
heat application is considerably reduced, and that the 
properties of the surrounding material are therefore not 
impaired. 

This new technique is also being successfully used in 
* rolling the eyes’ at the ends of the spring assembly. 


Iron and Steel Institute 
The Iron and Steel Institute has announced the award 
of the following medals and prizes: 

Bessemer Gold Medal for 1961 to Mr. William Barr, 
0.B.£., director and chief metallurgist, Colvilles Ltd 

Mr. Barr has been a Member of the Institute since 
1925. He was elected a member of council in 1948, 
served as honorary treasurer from 1953-59 and as 
president from 1959-60. 

Sir Robert Hadfield Medal for 1961 to Mr. Emrys 
Davies, managing director, Brymbo Steel Works. 

Wilkams Prizes for 1960 ({50 each): (1) Mr. T 
McHugh and Mr. F. A. Kirk (Low Moor Fine Steels 
Ltd.) for the paper ‘Some aspect of steel extrusion. ’ 
Their co-author, Mr. R. Cox, was not eligible for an 
award. (2) Mr. J. Chapman (Steel, Peech & Tozer 
and Mr. W. Montgomery (Round Oak Steel Works Ltd 
for the paper “The effect of flow distribution on air 
preheat in the open-hearth furnace. ’ 

The medals and prizes will be presented by the presi- 
dent (Mr. W. F. Cartwright) at the annual general 
meeting, to be held on May 3 at the Institution of Mech- 
anical Engineers, 1 Birdcage Walk, London, S.W.!. 


Laboratory Apparatus and Materials Exhibition 
Many new products will be exhibited for the first time 
in this country at this year’s Laboratory Apparatus and 
Materials Exhibition at the Royal Horticultural Society’s 
New Hall, London, June 19-22. 

A special feature of this exhibition is a series of 12 
scientific lectures on recent advances in laboratory tech- 
niques. British and overseas apparatus, equipment and 
materials will be shown during the four days of this 
exhibition. Scientists and laboratory executives in all 
branches of industry, research, medicine, education and 
national and municipal government will be able to see 
demonstrations of apparatus and the latest developments 
in laboratory equipment. 

Cooke, Troughton & Simms Ltd. will exhibit a selection 
of their microscopes, a 35-mm. colour snap camera 
particularly suitable for use with their M12 and M15 
series microscopes, also, as agents for Struers of Copen- 
hagen, two polishing machines—the Disa Electropol and 
the DP IV Polisher. The range shown will include 
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metallurgical, biological, phase contrast and stereoscopic 
microscopes and attachments. 

Oertling Ltd. will exhibit and demonstrate a range of 
their precision balances. One of the most interesting 
shown on this stand will be the QO1 Decimicro balance 
which has high sensitivity and comparatively large total 
weight capacity. It is particularly useful for analysts 
faced with the problem of analysing samples which may 
not exceed 60 ug. in weight. 

Stanton Instruments Ltd. are exhibiting and demon- 
strating a range of their Unimatic single-pan constant- 
load balances with sensitivity varying from 1 mg. to 
0-01 mg., by vernier, widely used in scientific teaching 
and educational establishments. The Stanton Thermo- 
balance will also be on show. This thermobalance has 
been further developed and is now capable of reaching 
the hitherto unobtainable temperature of 1,550 C. 
Time, temperature and weight changes in the sample 
are simultaneously and automatically recorded, given a 
permanent chart record. 


Diffusion furnaces for transistors 

New high-temperature diffusion furnaces designed to 
meet exacting temperature requirements have been 
installed in the Transistor Division of Standard Tele- 
phone & Cables Ltd. The furnaces were supplied by 
Royce Electric Furnaces Ltd. and are used in the pro- 
duction of high-frequency double-diffused silicon tran- 
sistors. 

The furnaces are self-contained units incorporating a 
floor standing cabinet which houses all the electrical 
gear, including control instruments, switchgear and 
transformers. They are suitable fcr use with nitrogen, 
oxygen and hydrogen atmospheres and are designed to 
take work tubes of either impervious-fused alumina or 
transparent silica having an inner diameter of 2 in. 

Each furnace has both a preheat and a high-temperature 
section, the preheat section being mounted on wheels so 
that it can be moved to and from the main chamber and 
locked in the required position. The preheat section has 
a heated length of 12 in. arranged in three zones and 
providing a range of temperatures from 200 C. to 
1,000°C. The high-temperature section has a refractory 
tube in a brick-lined chamber of high-temperature 
refractory backed by thermal insulation. The heater 
length of 15 in. is controlled in one zone and provides 
any temperature required between 950°C. and 1,300 °C. 

A feature of the furnaces is the provision of even 
temperature zones, one 2 in. long in the preheat section, 
the other 3 in. long in the high-temperature section. In 
these zones any specified temperature within their respec- 
tive ranges can be maintained with a uniformity and a 
stability with time of plus or minus 2°C. The furnaces 
are so designed that a fall in temperature cannot occur 
between these two zones. 


New home for Birmingham Exchange 

The Birmingham Exchange and Engineering Centre, 
founded 100 years ago as the Birmingham Metal Ex- 
change, will henceforth be known as the Engineering and 
Building Centre, Birmingham. Before the end of this 
year the Engineering and Building Centre will be installed 
in its mew permanent exhibition hall at the former 
Masonic Temple in Broad Street, Birmingham. 

Since 1954 the Centre has been developed as a per- 
manent exhibition for Britain’s engineering industry, and 
it has also been responsible for organizing joint engineer- 
ing displays at many overseas trade fairs. In future it 
will provide ample exhibition space and informative 
services for the building as well as the engineering 
industries. The Masonic Temple has space for nearly 
300 engineering and 300 building exhibits. 
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For a package boiler’ achieving 1,000,000 B.Th.U per cu. ft. output 


al, 
bal Yd 
Inconel HEAT-RESISTING ALLOY 


Quick start-up and quick changes in output whenever required are the features of the 
compact, efficient Stone-Vapor steam generator. Working pressure can be raised in 2 
minutes from a cold start! This requires an intense rate of firing, releasing up to a 
million B.Th.U. per cubic foot. 

To meet the exacting conditions of service in this modern ‘package boiler’, Inconel 
heat-resisting alloy was chosen for the fire-pot and air-ring of the combustion chamber. 
This high-temperature alloy was selected because of its excellent strength and 
resistance to scaling and oxidation at high temperatures. 
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Cut-away view of ‘package boiler’ 
produced by F. Stone & Co. 
(Deptford) Ltd. It is ideal for use in 
ships, trains, factories, laundries and 
wherever high-quality steam 1s 
required economically. 
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Preparation of steel blanks 
for cold forging 


AN INSTALLATION which will produce, continuously and 
automatically, steel blanks of uniform mass and shape 
has been designed and developed by Cold Forging Ltd., 
member of the Camp Bird Group. 

Three distinctly separate operations may be carried 
out including cropping from barstock, flattening or 
preforming of the cropped blank and deburring or 
chamfering of the inevitable cropping burr. The three 
units are linked to one another by a mechanical conveyor 
belt which feeds the blanks from one unit to the next. 

The compact and versatile plant prepares steel blanks 
suited for mass production of components, and is a 
complete system devised to handle raw material at speed 
through the various cold forging operations. The machine 
shown in the illustration is installed at the company’s works 
at Sunbury-on-Thames. It is completely automatic except 
for placing the bars of raw material on the barstock feeder. 


Cropping 

The cropping machines are made in three sizes capable 
of handling barstock of 1, 2 and 3 in. dia., respectively. 
However, in the interests of overall operational efficiency 
it may be desirable to use the cropping machine with 
a special tool which will also carry out the flattening 
operation. The power required for flattening blanks 
of a given diameter is substantially greater than that 
required to crop barstock of the same cross-section. 
Therefore, the cropping machine can only be used to 
crop and flatten material of a smaller cross-section than 
the maximum rating of the cropping tool. 

The barstock feeder for the machines is a standard unit, 
irrespective of whether the machine operates exclusively 
as a cropper or combination flattening cropper. The 
individual bars are placed on an inclined bed fitted with 
rails, on which a carriage runs. This is attached by 
wire cable to a drum operated hydraulically. The front 
of the carriage engages the end face of the steel bar so 
that, when tension is applied to the rope, a positive feed 
is applied to the bar which is moved successively into 
the cropping tool, at the operating rhythm of the machine. 
The hydraulic system is under permanent constant 
pressure, also when the bar has been advanced against 
the fixed stop of the cropping tool, thus applying a con- 
tinuous but flexible pull, which ensures accurate feeding. 

In the installation shown, the cropped blank is gripped 
by a transfer conveyor which moves the blank to the 
next machine of the installation. This conveyor system 
consists of two positively driven chains provided with 
carrier dogs, arranged to face each other. The relative 
spacing of the chains can be varied simply by adjusting 
the rails on which they run, thus providing the necessary 
adaptability to handle blanks of different size. The 
carrier dogs of each chain are always positioned opposite 
each other so that the space between the carrier dogs 
forms a positive pocket from which the blank cannot 
escape and in which it is moved at the correct operating 
rhythm to the next processing stage, in this case the 
pre-forming machine. The conveyor carrying the 
cropped steel blanks passes through the pre-forming 
tool and then carries the pre-form to the chamfering 
machine, where it is dropped into a chute. The con- 
veyor then returns to the cropping machine, passing 
underneath the pre-former in its passage. 


Pre-forming stage 


The pre-forming machine consists of a frame with an 
overhead platen mounted on four columns. The blanks 
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The automatic cropping pre-forming installation 


enter the machine and are flattened by the upward 
movement of a ram to a fixed stop. The ram is hydraulic- 
ally driven from a self-contained hydraulic unit which is 
coupled to the machine and located next to it. The 
hydraulic unit consists of the reservoir with hydraulic 
pump and valves as well as the pre-filling cylinder and 
the necessary controls and monitoring instruments. 
The operating cycle of the pre-forming machine is 
linked to that of the cropping machine, in this case by an 
electro-magnetic clutch, driven by the feed chain on the 
discharge side of the cropping machine. This clutch 
actuates the solenoid valves which in turn controls the 
operation of the pre-forming machine. The clutch 
control unit is also a standard item which can be fitted to 
other machines of the series. The pre-forming machine 
can be fitted with a simple flattening tool or it may be 
fitted with different tools which will impart an initial 
shape to the blank to facilitate easier development of the 
final form of the forging by subsequent cold forms. 


Deburring machine 

After completion of the flattening operation, the blanks 
are transferred by the same conveyor to the deburring 
machine which is designed to remove cropping burr 
from the blanks. The blanks enter the actual working 
zone of the machine on a pan feeder, after which the 
blanks are advanced to the chamfering tool by spring- 
loaded roller fingers, which press the blank against the 
tool, so that the movement of the blank along the tool 
takes the form of a hobbing action. The actual cham- 
fering tool takes the form of a bevelled inverted milling 
cutter, whose operating depth can be varied by a simple 
handwheel adjustment. This method of operation 
ensures that a uniform amount of chamfer is applied to 
blanks having a somewhat irregular periphery, as would 
be expected from raw material consisting of rough-rolled 
barstock. The machine is independently driven by its 
own electric motor and includes provision for continuous 
separation of swarf from the coolant. 

Both the coolant tank and the coolant pump are an 
integral part of the machine. The blanks are in contact 
with the deburring tool for approximately one-half of the 
circumference, the depth of engagement varying between 
minimum and maximum over this distance. The com- 
pleted blanks are automatically ejected from the machine 
through a chute, and are ready for heat treatment and 
for surface treatment, before the cold forging operation. 
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FASTER FINER FINISHING witn 


visiT US ON 
STAND No. 16 
INDUSTRIAL 
FINISHES 
EXHIBITION 










Model MA. 706 with ™ 


Dust Extraction 
Pedestaitor deburr- 
ing right in the 
Machine Shop. 





EARLS COURT 
a 


a 


POLISHING SHOP EQUIPMENT 


Whether you are fettling heavy castings or deburring very small 
components there is a machine in the Morrisflex range to suit 
your needs, and a further range of machines for polishing work, 


Our Representatives in London, Birmingham, Coventry, Altrinc- 
ham, Glasgow, Bristol, Leeds and Whitley Bay will gladly call 
to advise on your finishing problems 


B. O. MORRIS LTD., BRITON RD., COVENTRY 
Telephone: 53333 (P BX) 


also Distributors for BEHR- MANNING Coated Abrasives 
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PEOPLE 


THE INSTITUTION of Works Managers have elected as 
vice-presidents of the Institution: Mr. E. J. Hunter, 
chairman of Swan, Hunter & Wigham Richardson Ltd., 
Mr. J. R. Edwards, managing director of Pressed Steel 
Company, and the Hon Geoffrey Rootes, deputy chair- 
man and managing director of Humber Ltd. 


Mr. Harold Smith, who has been chairman of I.C.I. 
General Chemicals Division for the past two years, has 
been appointed a director of I.C.I. He will take over as 
technical director from Dr. Richard Beeching on June 1 
when Dr. Beeching becomes chairman of the new British 
Transport Board 

Mr. Smith, who is a native of London, is 54. He has 
been with I.C.I. for 32 years. Educated at Westminster 
City School, he obtained his B.Sc. with first-class honours 
in chemistry at the Royal College of Science. He holds 
an M.Sc. in chemical engineering. He is an Associate 
of the Royal College of Science. 

Joining I.C.I. in August, 1929, he went to the research 
department of the Dyestuffs Division for a period of 
ten years and then joined the production department, 
becoming assistant works manager of the Division’s 
Huddersfield Works in 1943. In 1950 he was appointed 
head of the Division’s production department, becoming 
production director in 1952 and joint managing director 
in 1955. He joined the General Chemicals Division of 
the company as joint managing director in March, 1957, 
and was made chairman of that Division in February, 
1959 

Mr. Smith has been chairman of Plant Protection Ltd. 
and a member of the board of the I.C.I. subsidiary 
company in America, Arnold Hoffman Inc. 


Mr. E, V. Dewhirst, A.1.M., has recently been awarded 
the Insignia Award of the City and Guilds of London 
Institute for his thesis on ‘the surface treatment of 
piston and liner assemblies for internal combustion 
engines.’ 


Mr. James Oldroyd, T.D., M.A., F.C.1S., has been 
appointed general manager of the Lead Development 
Association. He has resigned from his present position of 
secretary of the British Electrical & Allied Manufacturers 
Association and will take up his new work next month 


Mr. Richard Melville, B.sc., M.sCc., has been appointed 
Scientific Attaché to the British Embassy in Paris. He 
will advise the British Ambassador (Sir P. J. Dixon, 
G.C.M.G., C.B.) on scientific matters and report on French 
scientific and technical development in the civil field. 

Mr. Melville, who is 47, will hold the rank of senior 
principal scientific officer. He has been with the Depart- 
ment of Scientific and Industrial Research since joining 
the Geological Survey and Museum in 1938. He has 
recently been on secondment to the International Com- 
mission on Zoological Nomenclature as assistant secre- 
tary, which has brought him into close contact with 
French scientists. Mr. Melville, who is French speaking, 
has also had the experience of taking part in scientific 
expeditions in France and French North Africa. 

Educated at Wellington College and in the U.S.A., he 
graduated at Reading University in 1936. He took a 
special honours degree in geology the following year and 
obtained his M.Sc. in 1941. 


170 





april, 1961 


Mr. M. J. S. Clapham 


Mr. Michael J. S. Clapham, who has been chairman 
of I.C.1. Metals Division since January 1, 1960, has been 
appointed a director of I.C.I. He is to be an overseas 
director vice Dr. J. S. Gourlay, who is to be a Group A 
director (responsible for Alkali and General Chemicals 
Divisions 

From King’s College, Cambridge, where he took an 
honours degree in classics in 1933, Mr. Clapham joined 
the University Press, Cambridge, as an apprentice 
After three years with Lund Humphries & Co. Ltd., the 
Bradford printers, he joined I.C.I. Metals Division in 
1938 to assist in running the Kynoch Press, of which he 
becarne manager in 1940. In 1942 he was seconded to 
the directorate of Tube Alloys (Atomic Energy), Depart- 
ment of Scientific and Industrial Research, to develop 
the work started in the Kynoch Press on producing 
barriers for an isotope diffusion plant. In 1944 he was 
appointed personne] manager and a year later personnel 
director of I.C.I. Metals Division. He became a joint 
managing director of the Division in 1952. 

Mr. Clapham is a director of Pyrotenax Ltd., York- 
shire Imperial Metals Ltd., and Imperial Aluminium 
Co. Ltd. He is chairman of the Non-Ferrous Wrought 
Metals Export Group and a vice-president of the British 
Non-Ferrous Metals Federation 

A close interest in education has always been one of 
Mr. Clapham’s preoccupations, both in the sphere of his 
industrial activities and outside. He was for some years 
a member of Birmingham Education Committee and is a 
life governor and a member of the council of Birming- 
ham University. In 1956 he was a group chairman at 
the Duke of Edinburgh’s Study Conference on the 
Human Problems of Industrial Communities and is a 
member of the Albemarle Committee, appointed by the 
Minister of Education to report on the youth service in 
England and Wales. 

A native of Cambridge, Mr. Clapham is 49. 
married with three sons and one daughter. 


He is 


Mr. H. F. Spencer, managing director of Richard 
Thomas & Baldwins Ltd., has accepted appointment as 
president of the British Iron & Steel Research Association, 
in succession to the late Sir Charles Bruce-Gardner. 


Mr. H. W. G. Hignett has been appointed director 
of the International Nickel Co. (Mond) Ltd. He 
remains managing director of Henry Wiggin & Co. 
Ltd. 
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BARFIELD 
GAS 
CARBURISING 























The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum carburising 
time, fastest production rates and full quality 

control. Write to us for advice on the application 

of gas carburising for your work. 





D ELECTRIC FURNACES 
Banteo FOR ALL HEAT TREATMENT PURPOSES 
Backed by 40 years’ specialist experience 





WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS. WATFORD, HERTS TELEPHONE WATFORD 26091 (6 Lines) 
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NEW PLANT 


Edwards induction furnace 

As a result of a number of requests, Edwards High 
Vacuum Ltd. reports that their medium-size induction 
furnace has recently undergone further development and 
is now available with a coil assembly of 100 Ib. steel 
capacity which is fully interchangeable with the 56-Ib. 
coil which has hitherto been the nominal capacity. 
The melting capacity of the furnace may now be altered 
by the use of either a 28-, 56- or 100-lb. coil assembly, 
all of which are fully interchangeable. 

The assembly lip tilts for pouring from a rotating 
co-axial seal carrying the power and water supplies to 
the coil. The furnace assembly is contained within 
a vertical water-cooled vacuum chamber which incor- 
porates charge addition mechanisms, immersion pyro- 
meters, a bridge-breaking mechanism, internal light and 
a support platform for the ingot mould. The chamber 
interior is viewed through a window fitted with a wiper 
and radiation shield attachment which keep the window 
substantially free of metal deposits. The charging 
mechanisms enable one-third of the bulk charge and 
a random choice of six alloying additions to be added to 
the melt without breaking the vacuum. Accurate tem- 
perature measurement up to 1,800°C. is obtained by 
means of two immersion pyrometers. Another new 
feature of the furnace is the lid ‘ lift and slew ’ mechanism 
which is hydraulically operated by means of a hand 
pump on the furnace platform. This is now a standard 
fitting which obviates the need for an overhead hoist 
for lifting the lid. 


Looking into the Edwards furnace 
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The Firth Cleveland tangential fan 


The standard furnace is fitted with a high-capacity 
vapour booster pump designed specifically for vacuum 
processes where large quanuties of gas are evolved and 
low ultimate pressures are required in minimum time. 
The illustration shows a furnace installed at Messrs. 
Sanderson Bros. & Newbould Ltd. of Sheffield who, as 
part of their widespread activities in the steel industry, 
carry out high-quality vacuum melting for the trade and 
their own purposes. The 100-Ib. capacity coil assembly 
and new lid-lifting mechanism can be clearly seen. 


Firth Cleveland tangential fan 

The unique Firth Cleveland fan is the first to be based on 
the tangential flow principle of air circulation. Manu- 
factured and marketed under licence by the Accessories 
Division of the Solartron Electronic Group Ltd., Farn- 
borough, Hampshire, the fan is highly efficient and 
silent. 

It provides the most turbulent-free stream of air yet 
possible, and will give a higher aerodynamic power output 
from a given frontal area at a given speed of rotation 
than any other kind of fan in the low- and medium-power 
range. 

These unique properties are used to advantage in 
various ways. For example, the blower may be made 
very small, or made to run at unusually low perimeter 
speeds and therefore low noise, made to deliver unusually 
high pressure and thus to overcome the losses of filters, 
or to give extremely high efficiency and thus operate 
with a smaller motor taking less current. For every 
air-moving application there is a proper combination of 
these various features, and each of them leads to economy 
in the apparatus in which the fan is incorporated. 

The fan may be incorporated in heating, cooling and 
drying devices. Incorporated in the new tangential-fiow 
heater, for example, it provides a compact unit which 
can readily be taken about the house to provide instant 
warmth at any point required. The beam of smooth, 
non-turbulent air is thrown 15 ft. before it breaks up 
through convection. 


Rapid-heating furnace for light-alloy billets 
By an agreement with Granco Inc., U.S.A., A.E.1.-Birlec 
Ltd. can now offer to Great Britain, Europe and the 
Commonwealth countries the Granco gas-fired rapid 
billet furnace. 

This furnace, which is used extensively throughout 
America, has many oustanding features. It has extremely 
rapid contact flame heating and is built in a range of 


continued on page 39 
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sizes for billets up to 18 in. dia. and of any length. Billet 
diameter can be varied widely without the need for 
furnace adjustment or parts change. 

The unique combination of speed and economy 
afforded by the Birlec-Granco furnace is particularly 
suited for heating light-alloy extrusion billets. Heating 
rates of the order of 1 in. dia./min. are obtained with 
aluminium. 

The Birlec-Granco furnace incorporates electronically 
operated automatic temperature-controlling devices. 
Rapid contact heating means uniform metal temperature, 
no hot or cold spots in the metal and no cold end billets, 
resulting in good metal at the die. 

The minimum of maintenance is required and running 
costs are extremely low. The Birlec-Granco furnace is 
adaptable to any press; it occupies very little floor space 
and can be equipped with automatic billet loading and 
transfer mechanisms to make an ideal shop layout. 


New LC.I. premises 

Imperial Chemical Industries Ltd., Nobel Division, 
will transfer their headquarters staff from Sauchichall 
Street and Nobel House, Bothwell Street, Glasgow, to 
new premises at Ardeer, bringing administration closer 
to manufacture. The company has been given approval 
for erection of a four-storey office block at Ardeer, 
350 ft. long and 36 ft. wide. Transfer to Ardeer will be 
phased to allow minimum dislocation to staff and adminis- 
trative work. 
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SITU ATIONS VACANT 


FoRamaN REQUIRED for production department of North 
Midlands engineering works comprising Drop Stamping 
with some repetitive machining and assembly. Age 
preferably 35-40 years. Superannuation and profit- 
sharing schemes.—Box No. B721, c’o Walter Judd Ltd., 
47 Gresham Street, E.C.2 





CHIEF INSPECTOR 


required for Dropforging Company in the 
West Midlands area, whose main production 
is forgings for the motor trade and allied 
industries. 

Previous experience in this type of inspection 
is essential. 

This is a unique opportunity for a person to 
obtain a position of responsibility in a rapidly 
expanding old-established firm. 

The position carries a good salary together 
with suitable superannuation benefit. 

Apply Box CI 136, METAL TREATMENT AND DROP 
FORGING. 











metal treatment 
and Drop Ferging 


MACHINERY WANTED 


WanTeD—One medium frequent converter, 250 kVA 
1,000-2,500 h., eventually with medium frequent trans- 
former for heating of drop forgings. For surface harden- 
ing: One medium frequent converter, 40 kKVA., 4,000 h. 
For both voltage 380 660 volt.—Box WM 135, METAL 
TREATMENT AND DROP FORGING 


MACHINERY FOR SALE 


HEENAN & FROUDE OIL COOLING TOWER, complete unit, 
4 ft. 6 in. x 4 ft. 6in. by 9 ft. high.—Whitefield Machinery 
& Plant Ltd., 48 Chatham Street, Edgeley, Stockport. 


Dawson BROS. conveyor-type, combination washing and 
rinsing, steam-heated degreasing machine, complete in 
all detail. Condition, second-hand, unused. Whitefield 
Machinery & Plant Ltd., 48 Chatham Street, Edgeley, 
Stockport. 


‘Atitpays & ONIONS’ 2-CWT. PNEUMATIC POWER HAMMER 
for sale. Overhanging type without slides. Length of 
stroke 14 in. Size of bar worked 4 in. diameter. Diameter 
of ram 9} in. Arranged motor drive 440/3/50. Complete 
with anvil. Weight about 50 cwt. F. J. Edwards Ltd., 
359 Euston Road, London, N.W.1, or 41 Water Street, 
Birmingham, 3. 


* BRADLEY * 100-LB. FORGING HAMMER for sale. Depth of 
gap 12 in. Rubber-cushioned blow. 4-in. whip stroke. 
Complete with anvil. F. J. Edwards Ltd., 359 Euston 


Road, London, N.W.1, or 41 Water Street, Birmingham, 3. 


FOR CONTINUOUS NORMALISING 


f 


ANNEALERS LTO 
PENISTONE RD SHEFFIELD.6. 
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NOISTR)AL 


for the efficient 
cleaning of metals 
and components 


CERFA-KLEEN 


IN POWER 
WASHERS 


IN SOAK 
TANKS 


METAL CLEANERS 


|. CERFA-KLEEN H.P.W. 
(Hot Power Washer) 
A powerful new heavy-duty cleaner Non-foaming 
non-caking, free-flowing, with no free caustic 


2. CERFA-KLEEN C.P.W. 
(Cold Power Washer) 
A special formulation of fast-dissolving mild alkalies 
that work at room temperature. Non-foaming, non- 
caking, non-dusting, free-flowing with no free caustic 


3. CERFA-KLEEN #H.S.T. 
(Hot Soak Tank) 
For fast immersion cleaning even in hard water 
Possesses high detergency far above ordinary cleaners 
Non-caking. non-dusting free-flowing with no free 
caustic 


4. CERFA-KLEEN C.S.T. 
(Cold Soak Tank) 
Highly concentrated liquid cleaner that replaces 
flammable and toxic solvents. Works at room tem- 
perature. No free caustic. Also effective for ‘ wipe- 
off,”’ cumbling and other mechanical cleaning 


For recommendation and sample, send us particulars of your metal 
cleaning problem 


Descriptive 


leaflets of all types are available on request 


Vaughan 


LEGGE STREET, BIRMINGHAM 4. 


Works and Depots: Birmingham, London (Southall), Manchester 


@ 


Liverpool, Bristc!, Glasgow 


ENGINEERING 7 
Marine Welding “ 1 
& Nuclear Eneray A: j 


EXHIBITION 





OLYMPIA Lonnon APRIL 20-MAY 4 1961 
STAND NO. 15, Inner Row Gallery, Grand Hall 


In association with the Houghton group of companies al! over 
the world. 
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THOMAS ANDREWS 


AND COMPANY LIMITED 
High-Grade Steel Makers 


wu ” HIGH SPEED STEELS 
MONARCH § HOT & COLD DIE STEELS 
{TOOL HOLDER BITS 

” ENITE’ CARBON & ALLOY TOOL 
HARD ) STEELS forALL PURPOSES 
“tH VE" ( CARBON TOOL STEEL for 
E ) CHISELS, PUNCHES, &c. 


ROYOS WORKS ANDO 
HARDENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD, 4 











Export Department 
THE HARDENITE STEEL COMPANY LIMITED 


Telephone Telegrams: 
Sheffield 22/3 Shalting, Sheffield. 4 


























ARB DGI APPROVED 


ELECTRO HEAT 
TREATMENTS LTD. 


BULL LANE WEST BROMWICH 
Telephone WES 0584—0756 


BRIGHT ANNEALING 
Copper and steel pressings, bolts, strip, 
etc, 

BRIGHT HARDENING 


Bolts, springs, etc. Also large compo- 
nents up to 3 ft. 


CASE HARDENING 


Carbonitriding and Gas Carburizing up to 
4ft.6in. High frequency up to 10 kVA. 


LIGHT ALLOYS 

Solution and precipitation up to 10 ft. 
We specialize in the use of controlled 
atmospheres for all heat treatment. 
100 ton weekly capacity - Laboratory 
supervision - Local deliveries i 
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No Scale 
PRO-TEK Continuous Billet 
Heating Furnaces are built Longer Tool Life 
under licence arrangements 

with Metaliurgical Oxygen 

Processes Limited — Low Fuel Cost 
indugas, G.m.b.H., Essen. 
Specially suitable for No Metal Loss 
repetition work either 

mild steel or alloys. 
Standard sizes from 10 cwts. 
per hour upwards with 
guaranteed performance and 
scale free high quality PRO-TEK FORGING 
finish heating. 








RECUPERATOR 
‘ 











NORMAL FURNACE FORGING 


GIBBONS BROTHERS LTO., DIBDALE, DUDLEY, WORCS 








STAINLESS STEEL 
HtAl RESISTING 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 
HIGH SPEED TOOL, DIE 
& SPECIAL ALLOY STEELS 
also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 


[YANIDING POTS 

CASE HARDENING BOXES 

CAST IRON. BRASS. GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM erc. 





HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO" castings are available in 
a wide range of qualities 


From a few ozs up to 25 cwts each 


M.0.S approved inspection facilities installed 
Routine X-ray control 


He fehason Fete ed 


Regd. Office : 
BROADFIELD RD., SHEFFIELD 6 
Telephones: 524314 


Office and Works Entrance 
AIZLEWOOD AD., SHEFFIELD 8 
Foundry : Aiziewood Rood, Sheffield 
Machine Shops: Broadfield Read, Sheffield 
London Office : Central House, 
Upper Woburn Place, W.C./ 





: . (EUSton 4086) 
sod , * Giasgow Office : 93 Hope Street, C.2. 
.- (Central 8342/5) 


= 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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Forced-air circulation at 


on Oa 
Dust & Grit () | 
Collectors 


an important advance in 
furnace design by , 





This highly successful furnace was designed and 
constructed by us to meet the following 
ROLLS-ROYCE specification: 

1. variable temperature range up to 1,100 C 

2. tolerance of 10°C. throughout the range 

3. even temperature distribution all through 

4. heating chamber size 4’ 6” x 4’ 6" x 5° 0 

We overcame the problems involved by using 
forced-air circulation with the fan assemblies made 
of * Nimonic 75” heat resisting alloys mounted 

on air-cooled tubular shafts. The air guide, which 
was also made of ‘ Nimonic 75.” was supported 
from the roof to reduce distortion at maximum 
temperature. The heating elements were housed 
in refractory grooves to facilitate easy replacement 
even with the furnace still relatively hot. 

Tests before shipping were entirely successful, the 
temperature variation being 
5°C. at 750°C. and negligible 
at 1,100°C. The furnace is 
used for the heat treatment 7 
of Rolls-Royce *Con- ; , 
way, ‘Avon,’ and 

Dart’ jet engine 
assemblies 













This photograph shows an Alidays & Onions UF/I 
Dust Collector, primarily for use with hearths and 
designed to meet the requirements of the Clean Air Act. 


ALLDAYS 























& ONIONS hoe Lmrreo 
LTo. next INDUSTRIAL 
electric furnace ELECTRIC 
GREAT WESTERN WORKS * BIRMINGHAM 11 consult aed 
Phone: ViCtoria 2251-4 ee eek ted tae 


Lendon Office: 2 Queen Anne's Gate, Westminster, London, $.W.! Telephone: Heinault 303! 
Phone: WHitehal! 1923/4/5 
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~*~ NOW AVAILABLE 
FROM STOCK 





All prepublication orders for the 
1960/1 EDITION of 


RYLAND’S 
DIRECTORY 


have now been fulfilled, and copies 
can be supplied immediately 


from stock 


May we suggest you 


place your order at once with 


The Publisher, = [~~ Price--> 
Ryland’s Directory, | 
17/19 John Adam St., | 
London, W.C.2 L 
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ABBEY HEAT 
TREATMENTS LTD. 


||| Plaza Works, High St., Merton, S.W.19 
* 








Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 








awkward | 

or simple ° 

SPECIALLY DESIGNED for the heat 

treatment of high temperature alloy 
materials up to 1,300°C. 





.. If it’s a job for 
precision surface 
hardening with little 
dimensional change, 
then it’s a job for the 
special skills and | & 
special equipment of 
Flame Hardeners. | 
Whether you deal in | 
quantities or have an | 
individual hardening | 
problem, call in Flame 
Hardeners from the | 
start. Their experience 
and knowledge can save 
you a lot of trouble | 
—not to mention cost! 


Enquiries will be dealt with personally by our 
Technical Staff : Ring CHERRYWOOD 2291/2 


ALD. DLARM. LEME. & A.R.B. Approved 




















Cut your finishing costs on 
DIE SINKING & FETTLING 


Ce S, SGEARS, TYRE ROLLS, By using the British made 
C WEELS, BALL RACE BRIGGS - AJAX 
Ri mE ROPE SHEAVES, 


Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


CHAIN PINS AND 

IR BLADES, ROLL 

MACHINE TOOL 
BEDS, in fact 











anything and 
evervihing that 
requires precision 
surface hardening. 
Send for literature. 





Flame 


Hardeners iro 


Everywhere in the British Isles served from 
SHORTER WORKS, BAILEY LANE, 
SHEFFIELD, 1. Telephone: Sheffield 21627 


AJAX JUNIOR, !00,000 r.p.m. for Stones 
dy” to 3” dia. 

AJAX MK. Ill, 50,000 r.p.m. for Stones 
}” to }” dia. 

BRIGGS MK. II, 28,000 r.p.m. for Stones 
4” to |” dia. (deep reach) 

BRIGGS MK. V, !0,000 r.p.m. for Stones 
1}” to 2” dia. 

Litereture on request from Menufacturers 

BRIGGS BROS. (ENGINEERS) LTD. 

206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 
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tool life trebled! 
of British industry by supplying 


‘ colloidal graphite dispersions that 


in many instances can double overall production. 

Another significant aspect of the enterprising services that 
GRAD provide for their customers, is delivery in half the 
normal time. If yours is a lubrication problem consult 
GRAD. They know what you may want to know about 
lubrication. 





COLLOIDAL GRAPHITE 


GRAD, by constant research and 
exhaustive laboratory and field tests, 
are meeting the exacting demands 





cleaner to use! =<_ 


GRAPHOIDAL DEVELOPMENTS LTD 


CONSULTING LUBRICATION ENGINEERS 
CLUBGARDENS WALK, SHEFFIELD I! Telephone: Sheffield 27385 


For the protection 
of Ferrous 
CALOIR Ls iN metals against 


PROCESS oxidation 
at high 


temperatures 
















A few applications of the Calorizing Process 


CASE-HARDENING BOXES AND POTS - ANNEALING BOXES AND POTS 
SALT BATH POTS - CYANIDE BATH POTS - LEAD BATH POTS 
MOLTEN METAL CONTAINERS - PYROMETER PROTECTION SHEATHS 
RECUPERATOR AND AIR HEATER TUBES - FURNACE MUFFLES 
SUPERNEATER SUPPORTS - SOOT BLOWER ELEMENTS 

KILN PIPES AND CAPS - FURNACE DAMPERS 

LADLES FOR METAL POURING 

MITRATE OF SODA BATHS - RETORTS 

TUBES FOR WIRE ANNEALING FURNACES 

FURNACE HEARTH PLATES © FURNACE COMPONENTS 





Write for publication No 1301/1 


THE CALORIZING CORPORATION OF GREAT BRITAIN LTD. 
LYNTON HOUSE, 7/12 TAVISTOCK SQUARE, LONDON, W.C1 Tel EUSton 4321 
Works . Renfrew 4 Dumbarton 
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A section of a Special Gas fired 
meee Mould Heating furnace at Deritend 
Precision Casting Ltd. 
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FRANKLIN FURNACES 


There’s big savings in terms of dependability 

and easy maintenance when Franklin are called 
in on that furnace installation. Long experience 
in the supply of standard, and the design of 
special furnaces mean the snags are quickly 
ironed out. Furnaces fired by ‘Dine’ Burners 
give easy maintenance and fuel economy, that’s 
why more and more well-known Companies are 
now counted as customers. 

Our team of experts would welcome the chance 
to look into your furnace problems. 


MANUFACTURERS OF INDUSTRIAL 
FURNACES AND OIL BURNING 
EQUIPMENT FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD., BAKER STREET, SPARKHILL, BIRMINGHAM I!1, ENGLAND 





AE. 





Birlec Ltd 


Doncaster, Daniel 
Dowding & Doll Ltd 
Dowson & Mason Ltd 


Alldays & Onions Led 
Andrews, Thos., & Co. Ltd 
Annealers Led 


Barlow-Whitney Ltd 
Birlec-Efco (Melting) Led 
Brayshaw Furnaces Ltd 
Briggs Bros. (Engineers) Ltd 
British Furnaces Ltd 
British Iron and Steel Federation 
British Resistor Co. Led., The 
Broadbent, Thos.., 
Burbidge, H., & Son Ltd 


Calorizing Corporation 
Britain Led. (The) 

Coventry Machine Tool Works Led Hedin Ltd 

Cronite Foundry Co. Ltd. (The) 


Efco Furnaces Ltd 
Electrical Development Assn 
Electrofio Meters Co. Led 
Electro Heat Treatments Ltd 
Engelhard Industries Ltd 
Engineering Heat-Treatments (Man- 
chester) Led 

English Electric Co. Led 
English Steel Corporation Ltd 
E.N.V. Engineering Co. Led 
Ether Led 


Abbey Heat Treatments Led 
A.C.E.C 


& Sons Ltd 


of Great 


& Sons Ltd 


44 Eumuco (England) Ltd 10 Mond Nickel Co. Ltd 
Morgan Refractories Ltd 
= Firth, Thos., & John Brown Ltd 14 Morris, 8. O., Led 35 
40 Firth-Derihon Stampings Ltd 
39 Flame Hardeners Led “4 National Machinery Co. (The) 22 
Foliac Graphite Products Ltd Newall, A. P., & Co. Ltd 
Franklin Furnace Co. Led 46 
Premier Oil Burners Led 
Garringtons Ltd 4 Priest Furnaces Ltd 48 
44 Gas Council 
General Electric Co. Led 27 
General Refractories Led Shell-Mex & B.P. Gases Led 9 
Gibbons Brothers Led 4) Siemens-Schuckert (G.B.) Led 
Gibbons (Dudley) Led Smethwick Drop Forgings Ltd 29 
13 Granby, Paul, & Co. Ltd 26 Somers, Walter, Led 2 
Graphoidai Developments Ltd 45 Stein, John G., & Co. Led 28 
G.W.B. Furnaces Ltd 24 Stordy Engineering Ltd 6 
45 
42 Thermic Equipment & Engineering 
47 Herbert, A., Ltd 7 Co. Ltd 
Hydraulic Engineering Co. Led Thompson, John, (Dudley) Led 
Thompson, Joseph, (Sheffield) Led 
Thompson L'Hospied & Co. Led 25 
2! ILC. Led 
| H Co. Led. (The) 23 
ncandescent Heat Co. Lt e wainnd Seal Companion Led 
1S 
Joh F H., Led 4! 
; —— Vaughan, Edgar, & Co. Led 40 
40 Lafarge Al Cc Co. Ltd. 19 
ge um nous ement ° t . 
Langley Forge Co. Ltd tis in, =. 2 th ¥ 
N h v 
Leeds & Northrup Led zk Wickman Led 2 
Wiggin, Henry, & Co. Led 33 
16 Massey, B. & S.. Led ! Wild-Barfield Electric Furnaces Ltd. 32, 37 
Meliowes & Co. Ltd Wilkins & Mitchell Led 
20 Metalectric Furnaces Led it Workington Iron & Steel Co 17 
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HIGH TEMPERATURE * 
SERVICE eS 


| 
nl 





THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


ISTING CASTINGS 

L TYPES : CASE 

HA amrevess VES SELS 
OTARY R ETO RTS AND 
MUFFLE PYROMETER 


THE CRONITE FOUNDRY CO. LTD. 


LAWRENCE ROAD, TOTTENHAM, LONDON, N.15 
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The illustration shows one of a pair of Bogie Hearth Furnaces, 50 feet 
10 feet wide, supplied to William Beardmore & Company 


Limited, Glasgow Specifically designed and zoned for extended 


long by 


accurate heat treatment of specialised 
We ecialise in the design and consti 
Open Hearth Furnaces 
Soaking Pits of all types 

us Multi-zone Bloom 

Re-heating Furnaces 

sous Bogie type Ingot and 

Slab Heating Furnaces 





materials 

uction of 

Furnaces for Aluminium Melting, 
Coil Annealing and Slab Re- 
heating 

Forge and Heat Treatment 
Furnaces 

Stress Relieving Furnaces 
Shipyard Plate and Bar Furnaces 
Modern Lime Burning Kilns 


ISLAND WORKS - SHEFFIELD 5 


PRIEST FURNACES LIMITED - LONGLANDS - MIDDLESBROUGH also at KELHAM 
F ise 








